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FOREWORD 


by the kk. SIR LEONARD PEARCE, 

(!.B.E., D.Sc., M.I.C.E., M.I.Me(’h.E., M.I.E.E. 

In the present (kys of stress, the minds and energies of Engineers 
are turned to many urgent tasks and the relative importance of 
many factors in the various problems whicli confront them have 
had to be readjusted temporarily to suit War conditions. However, 
when these unnatural conditiojis have passed and the days of peace 
return, there will be much reconstruction work to be done and 
Engineers will be called upon to play just as important a part as at 
present. 

It is theroi'ore essential tliat even in these strenuous days the 
technical studies of constructive engineering problejus should not 
be lost sight of and that every effort should bo made to keep abreast 
of modern thought. 

The present book by Mr. T. H . ( 'arr on “ Electric Pow (!r Stations ” 
is therefore ])articularly welcome at this time^ and it constitutes a 
most interesting review of the latest j)ractico in design, more 
])articailarlv in connection nith the mcdiauioal engineering side, of 
power station ])lant. 

I feel sure that the Ixtok will be found to be of interest by the 
experienced engineer and the student alike and one ])articularly 
valuable aspect of the book is the extensive bibliograjihy which is 
given at the end of each chapter, which will enable the reader to 
continue his researches in still further detail if he requires more 
data on any particular subject than that which has already been 
given in the book. 

The advances which have been made in power station design 
since the beginning of this century are almost staggering and it is 
necessary sometimes to have a reference book in order to keep up 
to date with latest developments in the rnajiy fields. So great have 
been the advances in the many branches of engineering involved in 
the construction of electric power stations, that thei’e has been a 
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great tendency for individual Engineers to specialise in a particular 
branch, but one important attribute of a good engineer is to have 
breadth of view, and the present book will, I am sure, be of great 
assistance in enabling specialists to maintain contact with branches 
of engineering other t han their own. 

H. L. PEARCE. 



AUTHOR’S PREFACE 


In these days of rapid electrical development the power station 
is probably the most important part of an electricity supply under- 
taking. The interconnection of a number of stations tends to 
reduce its relative importance, but nevertheless sight must not be 
lost of the inconveniences resulting from failure. The development 
can be divided broadly into three sections — industrial, commercial 
and domestic, the latter having progressed beyond all expectations 
in some countries. 

The widespread use of electricity for the benefits of the com- 
munity has been made possible by the continued efforts of engineers 
to take full advantage of its possibilities. 

Its advantages arc well known, and it is the duty of engineers 
to give an abundant and reliable supj)ly of electricity at a price 
consistent with the economic standards prevailing. The transmission 
of large amounts of electrical power over wide areas is economical 
and practicable, and this in turn has had a decided effect on the 
choice of pow er station sites. The continual advances in generation, 
transmission and distribution plant also play important parts in 
power station design. 

Power station design, unlike many other branches, calls for a 
wide knowledge of almost every branch of engineering, and in 
particular the Electrical, Mechanical and Civil sections. Every art 
and science is built up on first principles and it is only by their 
successful application that continued progress will be made. The 
duty of the designer is to choose from the plant available that which 
best fulfils the conditions to be met and to arrange it in the most 
economical way ; always keeping in mind the necessity for sub- 
division of plant and abnormal conditions of operation, together 
with the possible dislocation due to failure of certain items or 
sections of plant. There are many ways in w^hich the various items 
may bi; arranged in relation to one another, and the designer should 
reduce the subject to an economical as-sociation of essential principles. 

The question of plant reliability must also be kept in mind, but 
it can be safely stated that the progress made during the past 
quarter of a century has resulted in remarkable improvements. 

Pow'er station plant has since its inception benefited by the 
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progress made in marine practicse, and it is fitting to add the words 
of Mr. (now Sir) Winston Churchill, then First l^ord of the Admiralty, 
when introducing the Navy estimates in the House of Commons on 
Tuesday, February 27th, 1940 : 

“ In the last ^var I had a stream of lame ducks coming to dock 
for ‘ condenseritis,’ or heated bearings, but now they seem to steam 
on almost for ever.” 

This book deals with the general principles governing design, 
construction and operation. A brief survey of the materials used 
and the construction of many items of plant and equipment are 
given ])rimari]y for reference purposes. 

Th(‘rc are numerous excellent books and papers giving detailed 
descriptions of the majority of the plant used for power station 
service and no useful purpose would be served by including such 
descriptions. To simjdify descriptive matter a large number of 
diagrams and sketches are included. Few books, however, d<'al with 
power statioji design, construction and operation. The author 
und('rt()ok the ])reparation of the presejit volumes at the request 
of tlie publishers, who felt that there was a Jieed for such a publica- 
tion. It is hoped that the book will prove useful to ])o\\er station 
engineers, consulting (uigineers, designers, operative's, students and 
others. 

The author wishes to express his sincei*e thanks to Sir l.reonard 
Pearc‘(' for writing the Foreword to thi>s book. 

Crated ul aclcnowledgiiients are also made to thcj editors of 
Electrical lieview. Electrical Industries, Engineering and Boiler House 
Review, Power and Works Engineer, The Draughtsman. Electrical 
Engineer, Electrical Times, Mining Electrical Engineer, and Engineer 
Surveyors' Journal for permission to use the author’s articles which 
have appeared in their journals fj'om time to time. 

Free reference has been made to standard specifications and also 
{)u})iished transacjtions of scientific institutions. 

The final tracings of licarly all the drawings and diagrams have 
been the work of Mr. C. Brooke. 

Finally the author wishes to express his appreciation of the 
assistance afforded him by the supply of information and illus- 
trations from many individuals, electricity undertakings and 
manufacturers. 


T. H. CARR 
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VOLUME ONE 


CHAPTER I 

SOME FUNDAMENTALS OF STATION DESIGN 

Introductory. This volume deals broadly with the design, layout, 
construction and operation of steam electric power stations, of the 
l)re8ent time, chiefly by way of description. The object in the 
design and operation ol‘ a power station is to generate electric energy 
safely, efficiently and economically. 

The plant installed falls into two classes, the first is necessary 
to convert the heat energy of the coal or oil into steam and the second 
to convert the energy in the steam into electricity. The first process 
is (iarried out by the boiler plant and the second by the turbine 
plant. 

If coal conservation was the most important factor then the 
highest thermal efficiency attainable irrespective of capital charges, 
would be the only answer. Present-day practice implies that the 
efficiency attainable be balanced against capital and operating costs 
of the plant required to attain this efficiency. The efficiency 
desired is therefore limited by economic considerations and is not 
allowed to become a matter of engineering technique alone. 

Apart from economic considerations it will be appreciated that 
the better way of comparing stations or plant is on the basis of heat 
consumption and not fuel consumption. 

Thermal efficiency is almost independent of the price of coal, 
whereas the economic thermal efficiency or commercial efficiency is 
almost entirely dependent on the price of coal together with load 
factor. Coal consumption has been progressively reduced (Table 1) 


Table 1. Thermal Ejjiciency and Coal Consimption 


Year 

IliKhe.st Overall Thermal Kffleieucy, 
Iier cent, approximate 

Loweat Average Consumption of Coai 
per Unit Generated 

1908 

8-50 

3-47 

1922 

17-20 

1-70 

1926 

21-51 

1-36 

1930 

23-84 

1-17 

1938 

27-70 

0-90 

1952 

30-00 

0-85 


E.F.S. 1 B 



2 


ELECTRIC POWER STATIONS 


due to the following improvements : loading conditions, vacuum, 
design, size of unit, boiler efl&ciency, pressure and temperature, 
feedwater heating and reheating. 

In many of the existing stations the scrapping of boiler and 
turbine plant has been justified by the advance in efficiency of 
plant, the high maintenance of old plant, the possibility of failure 
due to age, and the increased capacity of large modem units which 
may be accommodated on the same site. 

The commercial success of any electricity undertaking depends 
upon the cheapness and reliability of supply and unless power be 
supplied at a price having advantages over private or other methods 
of generation, business will not be forthcoming. 

The importance of reliability cannot be too highly emphasised 
and should take precedence over cheapness of supply. Some of 
the features which are desirable for power supply operation and 
development are compact area, many large power consumers and 
few geographical obstacles. Some of the obstacles are lack of 
adequate low temperature circulating water, limited facilities for 
transport of coal and frequent electric storms of extreme violence. 

The chief thing is to provide a station and electrical system at 
a minimum capital cost consistent with a sound engineering job 
which results in the minimum operating costs throughout its useful 
life. 

It is necessary to take into consideration the commitments of 
the undertaking, the nature of the service for which the energy is 
required and the probabilities of future development. 

The whole aim in the building of a new power station should be 
to make progress in the economics of generation of electric power. 

It is possible, but expensive, to approximate very closely to 
100 per cent, security and the management of an undertaking should 
consider carefully what measure of security it may provide without 
overburdening the system with large outlays on duplicate plant. 

This consideration calls for substantial engineering design and 
the use of efficient and reliable plant only. It is here that experience 
and collected data prove valuable guides. Inter-connection of 
stations tend to promote security of supply and at the same time 
reduce the cost of reliability. 

In the building of a power station, involving several million 
pounds of capital, the time element becomes a factor of prime 
importance for the reason that until it is completed and in com- 
mercial operation the capital involved may to all intents and 
purposes te considered idle and consequently imremunerative. It 
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is therefore essential that a project of this magnitude should be 
completed as soon as possible in order to get a return on the capital 
invested. Some idea of the time required for carrying out large 
power station contracts will be gathered from the following 
exami^les : — 


station 

Authority 

Capacity Installed 

Time 

“A” 

Power Co. 

150 MW 

25 months 



128 „ 

50 „ 

" C ” 

Corporation 

190 „ 

50 „ 

“D” 

n 

102 „ 

30 „ 

“ E ” 


60 „ 

45 „ 

“ F ” 

>» 

30 „ 

25 „ 

(< Q >J 

Power Co. 

130 „ 

25 „ 


Because of shortages of materials and labour much longer periods 
are now inevitable. 

Three principal requirements are outstanding : — 

(1) Tile necessity of having an unobstructed field for planning ahead as far 
as i> 08 sible and of being assured that such plans will not be departed from to 
any great extent. 

(2) Adequate supply of capital, labour and materials allocated for power- 
station construction. 

(3) Manufacturers of plant to have full facilities for production of the 
l)lant in such a way that the programme is carried out cohesively. 

It seldom happens that one power station site is like any other 
in every respect, consequently different problems present themselves 
in the design of each new station. The differences in the problems 
have in part been responsible for the lack of uniformity of treatment 
of design and layout. Although the design and layout is straight- 
forward it is essential that the designer should be fully acquainted 
with the plant to be installed and so obtain the most economical 
layout. 

Power stati(jn design, construction and operation are so in- 
dissolubly bound together that each should go hand in hand in all 
problems. There are many ways in which the various items of 
plant may be arranged in relation to one another and it is necessary 
to know the behaviour of such plant under normal and abnormal 
conditions of operation, filxperience only has given us this know- 
ledge to whi(j}i the develoiunents in the design of power stations 
included are duo. 
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Power stations are of national importance and a reputation for 
absolute continuity of supply is worth a great many tons of coal 
per annum. It has been suggested that by grouping by-product 
recovery plants, base-load semi-coke-fired power stations and low 
calorific value gas-fired gas turbines to deal with peak electrical 
loads great national economies in fuel could be effected. The 
engineer and architect should work hand in hand with an open mind 
for the hall-mark of good design is simplic^ity. 

When planning a stcam-elecitric power station it is necessary to 
take into account the following : 

(1) The raw material, coaJ, has t-o bi; taken to the bojk'i’s ru/ bunkers .simi- 

lar conditions apply in rospccf. ol* peat but vary somowliat for oil 
tiring. 

(2) The products of combustion in boilers — ash, fha? dust and gase^s have 

to be dispos(‘d of. 

(3) The steam generated iu the boiler plant has to bo dclivoiiui to thi' 

turbines by the* short (‘st ]K>ssible route. 

(4) The c.ooling water lias to be delivered to and disehai'ged from the 

turbine condiaising plant and may hnv'c to be re-eooled. Where 
re-(;()oling is T)0C0.s.sary then sj)ray-])on(ls and or cooling towers will 
be rc(|uirod. 

(o) 'J’he electrical ojiergy produced by the alternators has to be delivered 
to the switchboards. 

With a 200 MW station operating at 50 per (jent. load factor some 
400,000 tons of coal per annum will boreejuirod, and at full load the 
cooling water is of the order of 10 million gallons per hour. A 
cooling tower station Avould re(|uire make-u]) water at the rate of 
about 200,000 gallons per hour. The total weight of ash j)roduced 
may amount t-o as much as 50,000 tons per annum. 

PRINCIPLES OF STATION DESIGN 

The economics of electric power j^roduction and distribution 
make it essential that generation should be carried on in large 
central stations, the lo(‘-D-tioii of these playing an important part 
in the cost of energy generated. Tlie ideal position is at the centre 
of gravity of the “ loads ’’ on the distribution system, thus avoiding 
very long transmis.si()n lines. The shortening of transmission lines 
and/or cables reduces the capital cost and losses associated with 
them, even with a lower thermal efficiency due to the use of cooling 
towers (U)mpared with a riverside site some considerable distance 
from the load centre. 

It should be pointed out that where a new station is an addition 
to an existing network its location may not be required to be near 



FUNDAMENTALS OF STATION DESIGN 


5 


the load centre and the relative conts of energy transmission and 
coal transport are m this respect not nearly so important. 

In general there are three choices : - 


(1) At the load centre. 

(2) At or near the coal mine. 

(H) On an estuary site tt) whicli the coal can be delivered by sea. 


The choice of site may be dictated partly with the idea of obtain- 
ing adequate spare land in the vicinity of the station to which it 
may be possible to attract works requiring large power supply as 
a result of the advantageous terms which could be arranged. 

It may be justifiable to have a number of stations, such a case 
being where there are scattered communities separated by large 
distances. The centre of gravity of the electrical system may be 
determined by plotting all tlie principal load centres with their 
maximum half-hourly demand in kVA and by taking moments first 
about a north to south axis and then about an east to west axis or 
alternatively from some other arbitrary datum lines. It is usually 
desirable to work in miles and kVA and assume 1,000 kVA to 
equal one power unit. A simple system is illustrated in Fig. 1. The 
working is as follows : — 


Position of CoG = 


Sums of moments 
Total loading 


Moments about OY y 


+ ^'c + 

A + B -f C + D, etcT" 


” ” ^ ' A _f- B Hh'C + 1), etc. 

Substituting figures, we have 

(10 X 2) + (2 X 5) + (2 + 10) + (5 X 3) + (fix 4) (10 X 10) 

+ (10 X 3) + (_5 x 5) + (5 X 9) 
^ 10 + 2 + 2~+ 5 -4- 5 + id + 10 ^ 5 + 5 

285 

s= — = 5*25 miles from OY. 

54 


(10 X 15) + (2 X 15) -b (2 X 15) + {•'>' X 12) +(5x8) 

+ (10 X 10) + (10 X 5) + (5 X 2) + (5 X 5) 

^ ^ 

495 

9*2 miles from OX. 

54 

In practice it may not be possible to obtain such a site as the follow 
ing factors have to be considered : — 
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(1) The cost f)f land hIiouIcI be reasonable. Whore a station must of 
necessity bo situated in or near a city the cost of land is in general much 
higher than in urban or rural areas, and in addition it may be necessary to 
carry out property condemnation to obtain the requisite site area. Further- 
more, the fact that a specific piece of property is being considered by a supply 
authority for the purpose of erecting a power station may enhance its value 
appreciably and in such cases shrewd buying is desirable. 



Fio. 1. Method of Determining Centre of Gravity of Electrical System. 


(2) A plentiful supi>ly of cooling water is desirable. The use of large 
and highly efficient concrete cooling towers and multistage feed -water heating 
has effected large reduc^tioiis in the quantity of cooling water required. 
The water may be taken from a river, canal, sea or sewage outfall. Some 
500 tons of cooling water ore required for every ton of coal biu'ned. Where 
cooling towers are employed a sufficient quantity of water to provide for 
rnake-up is necessary. Suitable wat^r in ample quantity will also be required 
for boiler-feed purposes, 

(3) Availability of cheap fuel and ample railway facilities for coaling and 
a suitable river or canal as an alternative for water-borne coal. A navigable 
waterway and sea route to the coal fields are assets to certain power stations. 
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In some cases it is possible to place a station near the coal mine and 
convey the coal almost direct from the shaft to the boiler bunkers. 

Oil-burning stations may also have to be considered. 

(4) The civil engineering work involved should be a minimum. This 
implies a level site and a good foundation at a reasonable depth. Minerals 
imder and in the vicinity should not have been worked. The possibility of 
a site on a seaboard may be impracticable or uneconomic if the depth of the 
rock bed is excessive and the tidal effect makes the supply of cooling water 
a difficult proposition. If possible the site conditions should be such that 
piling or blasting is not required . A firm rock bottom not too hard is desirable. 

Ample area to meet ultimate requirements and serve as a r unning and 
reserve coal storage. The site should not be surrounded by residential 
property and should be isolated to prevent danger from fire breaking out in 
and spreading from neighbouring buildings. 

(5) Care should bo taken to limit the possibility of nuisance to the neigh- 
bouring property and its occupiers, due to the emission of smoke, grit, noise, 
steam, water vapour, etc. 

This condition may dictate the type of boiler plant it is possible to instal, 
stokers in preference to pulverised fuel or alternatively oil-fired boilers. 
Stokers appear to produce less “ fly ash,” and the duty of the flue gas cleaning 
I)lant is not nearly so severe as with pulverised fuel boilers. Not only must the 
cleaning i)lant bo efficient but it must bo reliable and capable of operating for 
long uninterrupted periods. 

Before a station is erected it may be necessary to guarantee that all 
known precautions will be taken to eliminate any such nuisance. 

A clause such as the following may be included ; “ The supply authority 
shall in the construction and working of the power station take the best 
known precautions for the due consumption of smoke and for preventing as 
far as reasonably practicable the evolution of oxides of sulphur, and generally 
for preventing any nuisance arising from the power station or from any 
operations thereat.” 

The building of a power station may give rise to objections and in one 
case the following were stipulated ; — 

(a) It should not be built if there is an alternative site. 

(b) The building should be of materials and design to harmonise with its 

surroundings. 

(c) There must be adequate control of smoke, fumes and steam emission. 

(d) There must be no unsightly coal storage dumps. 

(6) Facilities for the disposal of ashes, e.g,, large areas of land near the 
site which are flooded and valueless for development, quarries, etc. 

(7) At some later date it may pay to change the site of the station and 
supply the system from another station where power is produced at reduced 
cost. 

(8) The rates and rents should be low and housing accommodation in the 
immediate neighbourhood should be adequate. 

(9) The surrounding country should afford ample room for the establish- 
ment of industries requiring large amounts of electricity at the lowest possible 
price. The geographical position should meet existing and anticipated 
future demands whilst access for both overhead and underground feeders is 
desirable. 
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(10) The choice of site should allow for economical extensions consistent 
with the estimated growth of load. 

(11) In view of the rapid development of aerial warfare it may be essential 
to limit the capacity of stations and choose sites which are away from densely 
populated and industrial areas. The inter-connection of stations is a safe- 
guard in this respect providing physical and electrical separation is included. 

(12) Avoidance of obstruction to flying in the vicinity of aerodromes. 

( 13) The effect on fishery and other interests of the use of river or estuary 
cooling water. 

(14) I’he considerations of 'fown and Country Planning, Royal Fine Arts 
Commission, land utilisation generally in the case of urban stations. 

(15) The location of the site in relation to the reipiirements of national 
defence. 

From this preview it will bo appreciated that the choice of site is 
fundamental to the efficient isupply of electricity and generally 
speaking may be of greater importance than the quality of plant 
installed on it. Plant can he replaced when it becomes inadequate 
or obsolete whereas the main features of the site, whethei* good oi* 
bad, are permanent. 

The essential principles of electric power station design are : 
reliability, minimum operating and maintenance costs and minimum 
c.apital cost. 

These depend to large extent on the following : — 

Simplicity of design. 

Sub-division of plant and apparatus. 

Labour-saving equipmoid. 

Extensibility. 

Organisation. 

Fig. 2 shows the general flow sheet oPa power plant. 

Simplicity of Design. Simple and sound design and layout are 
desirable features in all sections of a station for good layout of 
plant simplifies building and civil engineering works apart from 
aiding operation . 

There should be a minimum of auxiliaries, a limited number of 
floor levels and sufFudenl area to provide a spacious but economical 
layout of plant. These are important features of simplification and 
should always be borne in mind. A compact station if well planned 
is just as accessible and easy to operate as one in which the floor 
area though considerably greater is not used to best advantage. 
The volume and floor area per kW should bo a minimum consistent 
with operating conditions. The design of the plant should bo as 
simple as possible even at tlie expense of striving for thermal records. 
In carrying out the detailed design and in the construction of a 
power station tJie features of simplicity, compactness and com- 
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niercial eflicieiicy should always be kept in mind. Tliermal etionomy 
should go hand in liand witli overall financial efficiency. 

A standardised design for each unit may not always be economical 
due to rapid advances in science, but the value of simplicity and 
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standardisation should be carefully consideicd before making 
radical changes. Generally sfKuiking, a simple design of plant is 
relatively cheap in first cost, reliable and does what is expected of 
it. On the other hand, desigiivS departing from general practice 
have had many difficulties and have usually taken a number of 
years to bring them up t.o expectations. Economical operation and 
performance together with convenience of access to all essential 
apparatus and auxiliaries and case of control are important features. 
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In designing a station it is of great importance to standardise as 
far as possible since the capital cost is reduced, space is saved, 
repairs and maintenance charges reduced and administration is 
facilitated. This is an important feature in any station but more 
so when the station is abroad and where spare materials take a 
considerable time to be delivered to site. It would bo unwise for a 
country far from manufacturing centres to adopt frills and 
technical novelties. Reliability is of primary importance, 
economy being sought in directions other than ultimate thermal 
efficiency. Simplicity of equipment and straightforwardness of 
layout should be studied with great care. Operation is rendered 
easy and supervision simplified if all auxiliary plant is readily 
accessible and levels of illumination are adequate. Cleanliness 
should be more of a consequence than a virtue, and efficient main- 
tenance rather a state than an activity. Under these conditions 
economical operation is almost assured. 

Sub-division of Plant and Apparatus. Sub-division of plant and 
apparatus is essential if complete shut-down is to be guarded against. 
Furthermore, it promotes safety in operation and facilitates main- 
tenance. 

Sections of plant may be completed and put into service 
separately, thus reducing time and cost of construction. 

The trend appears to be towards one boiler per turbine and one 
alternator for each section of feeders with arrangements for inter- 
connection under maintenance or emergency conditions. 

Labour-saving Equipment. The inclusion of labour-saving 
equipment is desirable providing reliability is unimpaired and the 
cost is reasonable. 

The automatic equipment installed should be reliable and such 
that the human element may be safely dispensed with, particularly 
where it performs important functions. In some cases it may be 
justifiable to include both automatic and manual controls so that 
the latter is alwajw available in case of emergency. 

Automatic control gear is now incorporated whenever possible, 
and this gear is centralised so that few operatives are required. In 
one arrangement all the main operating controls of two turbo- 
alternators and of two boilers are arranged so that they are under 
the direct control of one man. This is accomplished by placing the 
turbo-alternators in pairs in mirror symmetry, steam end to steam 
end, by eliminating above the turbine operating floor the wall 
normally existing between the boiler house and the turbine house 
and by grouping the four control panels ; f.c., two for boilers and 
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two for turbines in an open U form in the area between the turbines 
and boilers. By this layout it is possible to employ at each 100 MW 
control centre a highly trained man and to provide four compara- 
tively unskilled attendants trained in the observation of the 
operation of a particular group of auxiliaries. To this end the 
following auxiliaries are arranged in the groups given : — 

Boiler House Ground Floor. Forced -draught fans, coal mills, separators 
and feeders and mill exhauster fans. Also on this floor and imder the care of 
an additional plant attendant is the ash -handling plant. 

Boiler House Firing Floor. Induced -draught fans, dust collectors, air 
heaters, coal weighers ; and also readily accessible from this floor, the fuel-oil 
pumx>s and the coal and oil burners; 

Turbine House Ground Floor. Circulating water pumps and screens, 
condensat ;0 extraction pumps and circulating water chlorination plant. Also 
^oiiped on this floor and under the care of an additional plant attendant are 
the boiler feed pumps and evaporators. 

The dust collectors, induced-draught fans and main flues can be 
installed externally to the boiler-house building and between it and 
the chimney, thereby reducing the size and cost of that building 
and avoiding higher temperatures within it. 

Extensibility. Usually the future requirements of a power 
station are not definitely known, but the present types of plant 
have now come within such narrow limits of maximum possible 
efficiency that no great changes are likely to take place in the near 
future. 

Speaking generally, a power station may be extended without 
appreciably affecting the ultimate cost and should therefore be 
commenced on the ^smallest scale possible. 

In the development of almost every electricity undertaking 
there is the need for constant revision of certain items and within 
recent years many of the earlier stations have been modernised. 
It is interesting to note some of the factors which have had to be 
considered 

(1) Maximum thermal eiflciency without radical departure from the 

plant characteristics of the original station and with a minimum 
addition to existing buildings, coal and^ash handling plant. 

(2) Minimum cost of additional civil engineering works. 

(3) Facilities for the improvement of operation, a notable example being 

the provision of a separate control room in place of the original 
switch control board in the turbine house. 

(4) The installation of plant which has — bearing in mind the total annual 

cost including capital charges — taken advantage of the improve- 
ments made in such plant and will assist to prove and further 
enhance its application. 
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Although existing buildings may be adequate for housing new and 
larger units of plant, it usually proves a more difficult task than 
commencing on a new site. Instead of the buildings being designed 
to accommodate the plant, the plant itself has to be designed within 
the limits of the existing buildings and a considerable amount of 
scheming and arranging is usually inevitable to obtain this end. 
Stations which started with steam pressures of from 200 to 400 p.s.i. 
have found it economically justifiable to superimpose a very high- 
pressure system — 600 to 1,200 lb. — on the existing system and so 
improve the heat rate of the station. The saving in heat rate 
must be sufficient to balance the additional fixed charges on the 
higher pressure plant. 

Organisation. This is the structure through which the functions 
of management are applied, and the form it takes determines the^ 
responsibilities and relationships wliich each individual bears to 
another. With the rapid increase in capacities of stations together 
with the complexities and technicalities of the plant installed, 
organisation has become of vital importaiuje. 

In the power station it is the duty of engmeers to deal with 
[)roblems of design and construction of j)lant and buildings, the 
installation, maintenance and operation of all power plant and 
equipment, the records of operation and the internal organisation 
and operation of the plant for making the station an efficiemt unit 
from both a technical and commercial standpoint. Plant avail- 
ability is a factor of prime importance and as much depends on the 
maintenance department it is essential that a sound and adequate 
staff be chosen. As in other industries, the human factor is all 
important and special attention is necessary in the selection of 
staffs if good team work is to result. It is only by sympathetic 
appreciation of individual troubles that apparent difficulties will be 
overcome and whilst one can never hope for an ideal organisation 
some degree of satisfaction is obtained if the majority of the persons 
making up a complex ufiit are happy. There is much to be said for 
the personal toucdi between the management and the station staffs. 
This condition tends to disapi)ear on the larger concerns where the 
electricity supply operational details are based on elaborate statistics 
compiled in great detail and probably at great exj)ense. The 
whole system upon which an undertaking is oj:)erated so far as the 
relations between the employers and employed are conc^erned should 
recc'ive very careful consideration. When additional employees are 
recpiired a selection may be made from elected representatives of the 
existing employees juoviding the management ap])rove of them. 
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The whole of tlic staff and workmen may pcarticipate in a bonus 
scheme which so far as tiie power station personnel are concerned is 
baaed upon the efficioncy obtaining. 

Various forms of organisation are in use and are discussed more 
fully in Volume II. 

The principles outlined cannot always be met and in practice 
absolute perfection is rarely justified economically. 

RATINO OF PLANT 

Regarding station performance, a study will first be made of 
the power requirements for existing and future load conditions 
and in this way the capacity may be fixed. 

The (!Ost of the fuel delivered and the probable cost of energy 
transmission are also required, whilst in the case of an existing station 
the station heat balance wdll require investigation before proceeding 
wdth extensions. 

In estimating the economy of production for a new station it is 
necessary to keep an accurate record of all costs, for the total cost 
depends to a great extent on the degree of refinement desired in 
the reduction of heat rate. 

In deciding upon the rated output of the various units due 
consideration should he given to : — 

(1) Peak load, 

(2) Periodioal overhaul. 

(3) Breakdown. 

Should the normal load be equal to the economical rating of 
one unit only, it may be possible to take care of the peak load wdth 
the overload capacity ol' that unit, but to provide for periodical 
overhaul, and as stand-by against failure, additional units would 
be essential Whether any or all of these features are best served 
by additional units or by overload capacity depends upon the number 
of units installed and on the relation betw een the peak and overload 
ca})a(‘ity^ procurable. Jn this country the grid system brought 
about a new outlook regarding new generating plant. The co- 
ordination of generating jdant development has perhaps proved to 
be one of the greatest contributions of the grid towards the advance- 
ment of the su])ply industry. Previously, new^ plant facilities were 
provided })iecemeal as required by the load increment of the indi- 
vidual undertaking and the size and type of turbo -alternator and 
boiler units were more or less rigidly determined by local load 
prospects in the years immediately ahead. 
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It is essential that tlie j^laiit should operate economically at 
normal rating for little regard need be paid to the increased cost of 
overload running as the increase would be more than balanced by 
the saving in capital cost. 

During recent years the progress in the size of unit installed has 
undergone considerable change, due mainly to many improvements 
in manufacture, bringing about increased reliability in operation, 
A boiler develops its maximum efficiency under steady load condi- 
tions at a definite rate of evaporation and if this is raised or lowered 
the sum total of the incidental thermal losses increases. 

Generally speaking, boiler efficiency increases with calorific 
value, but cases are on record where pulverised fuel boilers have 
given a higher station thermal efficiency with a C.V. of 9,600 com- 
pared with a C.V. of 10,500 B.Th.U. per lb. for almost identical 
conditions. 

The maintenance of maximum efficiency at any particular 
load necessitates close supervision unless automatic control is 
provided. 

The items making up a complete unit are : boilers, turbine, 
alternator and circuit-breaker. The ideal condition would be for 
each item to have the same degree of reliability and availability. 
This would bring about a considerable reduction in the plant to be 
installed, that is, spare plant would be reduced to a minimum. 
In this country standardisation of plant is proceeding steadily and 
turbo-alternators each of 60 MW capacity operating at 900 p.s.i. 
and 900° F. and 30 MW sets operating at GOO p.s.i. and 850° F. are 
now standard. Still higher pressures and temperatures are being 
provided for a number of 60 MW sets, operating at a pressure of 
1,500 p.s.i. and temperature of 1,050° F. At one new station some 
six 100 MW sets will be installed to operate under similar high 
pressure and temperatures. The boiler superheater outlet steam 
conditions are 1,600 p.^.i. and 1,060° F. Reheat cycles are also 
contemplated with an initial steam pressure of 1,500 p.s.i. at a 
temperature of 975° F., with reheat to 950° P. 

In America a 120 MW tandem-compound, 3,600 r.p.m. steam 
turbine unit with its steam generator, pumps, heaters and con- 
densers operating at a pressure of 4,500 p.s.i. at the turbine throttle 
is contemplated. Initial temperature is 1,150° F., reheat is at 
1 ,050° F. with a second reheat at 1,000° F. Thermal performance is 
expected to be 8,500 B.Th.U. per kWh. 

The unit system, whereby a single boiler provides steam for a 
single turbo-alternator, is being widely adopted, the size of these 
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boilers ranging from 615,000 lb. per hr. to 660,000 lb. per hr. 
evaporative capacity to serve the 60 MW sets, and 800,000 lb. per 
hr. to 840,000 lb. per hr. to serve the 100 MW sets. Unit sets of 
150 MW are already in operation in the U.S.A. at 2,000 p.s.i., 
1,050° P. and with reheat to 1,000° F. Orders have been placed for 
a 200 MW set operating under almost identical conditions. It is 
technically possible to build 300 to 400 MW sets as cross-compound 
units, while metallurgical development might permit the use of 
higher temperatures. 

It is usual to classify the output of units under two headings : — 


( 1 ) Economical rating. 

(2) Maximum continuous rating. 


the latter generally being 20-25 per cent, above the economical 
rating. 

A recent tendency is to specify only a continuous rating for 
boiler plant. 

In selecting the basis of rating a station, the probable load 
factor, together with the possibilities of interconnection, should be 
duly considered. Under independent operation it is considered 
sound engineering practice to have reserve generating plant equal 
to the largest turbo-alternator. Another factor to be borne in mind 
is that it is usually necessary to plan plant extensions some four 
years ahead of the required date of operation. The outage of 
boiler plant has been greatly reduced and the optimum condition 
of being able to steam a boiler from one annual survey to the next 
ha»s practically been reached. 

The station load factor is the ratio of the average load to the 
maximum load during a prescribed period of time, and is usually 
expressed as a percentage or is given by : — 

units generated per annum 
8,760 X maximum demand 


or 


units generated — works units 


„ . - f M.D. on M.D. on\ 

Hours m week or month x (g^^^^ators “ works ) 

This load factor definition requires some explanation otherwise 
confusion may arise in its application, €.(/., a 30 MW set running at 
one-tenth load continuously for one year would have a load factor 
of 100 per cent., whereas it would actually be 10 per cent. 

units generated per annum 

TV tod tnrtw = 
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or plant load factor = 


units generated 
/M.C.R. of each set x \ 
\ its running hours / 


Another factor of inij)ortance is the Utility Factor, which may 
be defined as the ratio of units generated or sent out per annum to 
the capacity of the plant installed in the station, e.g. : — 

100 MW capacity, 50 MW maximum load, 80 per cent. Load Factor. 


Utility Factor = 


50 X 0*8 X 100 

Too 


= 40 per cent., which is relatively low although the 
load factor is hi^h. 


The Availability Factor 
Plant Operating Factor 
Generated Running Load Factor 

„ ,, (sent out) 

Undertaking Load Factor 

Power Factor of Station 


' ^ Outage Hours\ 
, Annual Hours/ 


Service Houis 
Period Hours 


100 


100 


units generated 
Station Running MI) on 
Hours ' generators 
units generated — Works units 
Station Running Hours X 
/ MT)on _MDon\ 
Vgenerators vorks ) 


Units generated — Units 
Exported + Units Imported 
Total Hours x MI) on 
Undertaking 

kW 

VkW2 +*^VA2 


or (kWh and RkVAli) 


Diversity Factor — is the ratio of the sum of the maximum loads of 
the individual feeders supplied during a given x>^^ifHl to the 
maximum load on the station during the same period, or 

sum of feeder maximum demands 
station maximum demand 

In determhiing the number and size of the various units to be 
installed, a careful analysis of the anticipated load conditions, 
togeilier with the estimated growth of load, are })rimary considera- 
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tions. It is usual to provide for an increase of approximately 6 to 10 
per cent, per annum in station capacity, depending upon the develop- 
ments in the area served. 

Fig. 3 gives a typical weekly load curve for a largo undei-taking. 



S<//vcMY AfOA^OAY ^ssa4y IVz:a^£so4Y /^/o^y JUrv/^iMy 

Fio. Typical Weekly T.oad Curve. 


During recent years the trend in power station design lias been 
to instal units of large capacities as economies may be effected, 
space factors reduced and larger power loads handled. 

Fig. 4 shows the relation of capital cost to size of plant- units 
and may be taken as a guide to present-day practice. 

The capacities of stations may be limited, and the sizes of the 
various units being chosen principally on the basis of overall economy 
of capital and operating costs. The type of boiler plant to be 
installed, c.^., pulverised fuel or stoker fired or oil fired, will also 
have some effect on the size of boiler units chosen. The units should 
be chosen so that the outputs ensure that 4t all Joads w hich occur 
throughout the operation periods (daily and weekly) it is possible 
to have any combination of units operating under the most economical 
conditions. 

Taking the case of turbo-alteniators, the steam consumption 
goes up rapidly on low loads (Fig. 5) and it is therefore very unecono- 
mical to have large sets running for long [leriods under conditioiis 
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AVCRACE OUTPUT OT PLANT UNITS- MW 

J<’k!. 4. Belation of Capital Cost to Size of Units. 


of much less than about 50 per cent. M.C.R. The normal economical 
rating is ixsually 80 per cent, of the maximum continuous rating. 

In purchasing sets the steam consumption figures will be care- 
fully considered and to facilitate comparison between various offers, 
consumption figures at three or four definite loads are desirable. 
The average efficiency may then be calculated for the selected load 
range by dividing the sum of the products of loads and corresponding 
consumptions by the sum of the loads for which the consumption 
values have been given. 



Fio, 5. Typical Stoani Consumption Curvas of Rtoam Turbo-alternators, 
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Take two examples as follows where steam conditions are 300 lb. 
and 760° P. and a river station : — 


T.oart kW 

steam Consumption 
lb. per kWh 

Produets 

“A” 


“A" 



9-77 


29310 X 10* 

294 X 10* 


9-44 


226-56 X 10* 

228 X 10* 

18,000 

9-56 


172-08 X 10» 

173-7 X 10* 




691-74 X 10» 

695-70 X 10* 


average steam consumption per turbo-alternator “ A ** 
691-74 

= 77 , = 9-60 lb. per kWh 

30 + 24 H- 18 ^ 

average steam consumption per turbo-altemator ‘‘ B ’’ 
696-70 


72 


= 9-66 lb. per kWh 


The importance of a small variation in steam consumption can 
be seen by comparing sets “ A ’’ and “ B ’’ in which case there is a 
difference of 0*06 per kWh at economical rating. 

Assuming sots to be running for 7,500 hours a year at 24,000 kW, 
then total kW hours generated will be equal to 24,000 x 7,500, 
and if 7-66 lb. of water are evaporated per lb. of coal and coal costs 
£1 per ton, the additional cost due to set “ B may be estimated 

24,000 X 7,500 kWh. 

24,000 X 7,500 X 0-06 lb. of steam. 


24,000 X 7,500 X 0-06 
7^66 


11). of coal 


24,000 X 7,500 X 0-06 x i 
7-66 X 2,240 


£ cost 


= £630 i)er annum. 

The steam consumption of turbines may be taken as increasing 
at the rate of api)roximately 0*25 to 1 per cent, per annum, but little 
information is available on this matter. 


CHOICE OP CYCLE ARRANGEMENT 
The cycle arrangements met with in practice may be broadly 
enumerated under the following heads : — 
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(1) Kegeiierativo. 

(2) Relieating, 

(3) High-prossure topping. 

(4) Binary va})oiir. 

The legenerative liycile, Fig. (>, is esaeiitially a turbine “ stage 



Fiq. C. Regenerative Oy(3le. 


bleeding ” cycle and is used to improve the cycle economy with 
reasonable capital expenditure. A given amount of steam is 
extracted at two, three or more points of the turbine and is used for 
heating the feed water on its way to the boilers, the steam having 
first done a cert ain amount of work in passing from the stop valve 
to the point of bleeding. In this way tlic remainder of its heat is 
used to preheat tlie feedwater instead of being rejected to tiie 
circulating water in tlie condenser. 

Reheating, Eig. 7, is really a method of reducing the moisture in 
the turbine exhaust and if adopted is used with turbines operating 
at 600 p.s.i and over. The turbine may l)e made up of two indepen- 
dent units or alternatively as a tandem set which is standard for 
ordinary working. The steam from the liigh pressure turbine is 
returned to a reheat boiler for temperature raising or resuperheating 
and then delivered to the low-pressure turbine and expanded down 
to condenser pressure. The advantages claimed for the reheat cycle 
are : higher tliermal efficiency ; reduced feed pump power ; snialler 
condenser ; smaller boiler and less fuel handling and firing 
equipment. 

It is usual to employ a combination of regenerative and reheating 
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cycles to obtain maximum economy with given temperature and 
pressure limits. 

The use of high pressure topping turbine sets, Pig. 8, has been 
more or less restricted to the improvement of the heat rate of 



existing stations. The superimposing of a small high-i^ressure 
turbine is a practical proposition and the added capacity is obtained 
with ]’easonable capital and running costs. The high-pressure 
turbine operates non-condensing, and exhausts into the low-pressure 
steam range by way of a reheater for use on the low-pressure turbines. 
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] 30 MW Avith expected fuel in))ut rates of 10,500 B/J'h.U. to some 8,800 B.Th.U. 
i)er net kWli. from the smaller to tlie larger sizes. 

(2) Topping plants for topping exist ing steaiu plants where (a) additional 
electrical generating capacity is recpiired in addition to supplying high-pressure 
steam to existing steam turbines ; (ft) additional electrical jiowcr and jirocess 
steam is reipiired for factory jirocoss work or for supplying low-pressure steam 
for central heating systems, and electrical ])ower for general distribution. 

(3) Mercury -plant installations whore an acute shortage of important 
facilities exists, such as (a) dofi(*ioncy of condensing water ; (ft) insutlicicnt 
steam-boiler capacity and demand for electrical generating capacity. 

(4) For tlie rehabilitation of otherwise obsolete steam -generating plants 
where (a) inetlicient or obsolete and defiuict steam boilers re(piire rejilace- 
ment ; (ft) where it is desired to increase the overall power plant oflficien(!y 
to the maximum : (r) wdiere it is desired to increase the plant efliciency and 
at the same time add the maximum amount of toj)pmg cay)acity. 

Diphenyl-oxide lias been suggested instead of mercury. It is 
an organi(5 liquid which lioils at 496° F. under atmospheric pressure, 
equal to saturated steam at 680 lb. p.s.i with a vapour 94 times as 
heavy as steam. The cost is considerably less than mercury and is 
claimed to be non -poisonous and not decomposed by licat or pro- 
longed boiling, 

Tlie (jhoicjo of any one of the cycles outlined is generally spe^aking 
an economical one, and the factors involved are : capital and 
operating costs, thermal efficiency obtainable, pric(^ of coal and the 
load factor of the station. 

Combinations embodying cycles I and 2, also 1 and 3, are to be 
found in British power station practice, whilst cycle 4 has been 
occasionally employed in some stations abroad. For stations of 
10-500 MW capacity it is common yiractice to use the regenerative 
(^yclc with steam pressures up to 650 j).s.i., although there are 
exc^eptions, and in tliese are often to be found eitlier the relicating 
or higli-pressure superimfiosed cycles. 

(m)ICE OF STEAM PRESSURE AND TEMPERATURE 

I’hc trend is towards higher pressiues and tempeiatures, and if 
our engineering industry is to keep pai^e with advances made 
elsewhere it is essential that it should have opportunities for making 
similar progress, otherwise its com jietitivc 'powers will he greatly 
reduced. 

The problem of deciding upon the steam pressure and temperature 
to be adopted is an economic one. Figs. 1 1 and 1 2. In considering^tlie 
mej its of increase in pressure and temperature on overall efficiency it 
will be seen that, whilst the former obeys the law of diminishing 
returns, tiie Jaitej’ givt\s an almost straight line law, indicating the 



INCRtASe IN CrriaCNCY K cost* per cent. increase in CFFIENCY * cost -per cent. 
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STEAM PRESSURE - pS i. 


Fig. 11 . Effects of Increased Steam l^ressurc. 



600 650 900 950 1000 1090 1100 

ftTEAM TEMPERATURE •F. 

Kj«. 12. EfFoPt* of Incrensod Sfoam Tomperalurt). 
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desirability of adopting the highest jx)ssible steam temperature. 
The degree of superheat must be decreased as the pressure increases 
so as to keep within the required limit of total temj>erature. The 
limit of the adoption of very high temperatures is the strength of the 
available materials, and after 900° F. is reached the problem becomes 
rather complicated because the change in the physical properties is 
so rapid that it cannot be allowed for in design alone, Fig. 13. 



Fig. 13. Typi<ial Oroe]) Strongthn of High Temperature — High Tensile Steels. 

Croop Htrength is the ability to withBtand applied stresses whilst undergoing 
physical changes due to high temperature. At temperatures above 700° F. steel 
will yield continuously and this deformation is termed creep. 

Steel (a). Has very high creep strength. Used for boiler drums, turbine casings, 
superheater headers and tubes, valve bodies, etc., mild carbon molybdenum steel. 
Steel (6). Chromium molybdenum steel. Used for steam flange bolts, etc., where 
strength during the cold condition is desired. 

Steel (c). Loss highly alloyed steel than (a). 

One loading authority recommends a minimum factor of safety of 3 on the yield 
stress and suggests the following as permissible creep rates : — 

Tmbine discs, lO"*, turbine cylinders, bolted flanges, 10-'* ; steam piping, boiler 
tubes, 10“’; superheater tubes, 10“* (01 per cent fo/ 1,000 hours). 

Molybdenum improves creep and embrittlement of high-temperature steels ; 
silicon improves the corrosion resistance of chrome -molybdenum alloy, which is also 
relatively immune from graphitisation. 


Boilers have been built to generate steam at a pressure of .3,220 
[).8.i. (706° F. saturation temperature) wliich is the critical pressure, 
being that at which the densities , of water and steam are equal and 
therefore at which the water passes into steam without ebullition. 
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Above tliiss teuiperaluie tlie water vapour becomes a true gas — 
that is, it cannot be liquified wliatever pressure be applied to it. 
At the critical pressure the latent heat becomes zero, the specific 
volumes (before and after formation) are the same. 

Bi^forc the steam is applied to the turbine it is throttled to about 



1,500 p.s.i. and superlieated to 800° F. The reason for this is that 
steam at 3,000 y).s.i., dry saturated when expanded adiabatically 
down to about 29 in. Hg, contains almost 50 i)er cent, of moisture. 

In considering the economy which theoretically may result 
from the use of higher steam pressures, a reference to the temperature 
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entropy diagrams, Fig. 14, is useful. Entropy is the ratio of the heat 

, j- 1 . , • Total Heat 

content to the temperature oi the body, i.e., Tem j^'rat^ 

It will be observed that the hcJit available for work at 1,500 p.s.i. is 



tvv'jsuff ffj M 'A1 ^ /72 ff 


534 B.Th.U., or 1 -2 times the heat available at 200 p.s.i., which is 441 
B.Th.U. The diagrams show that at the higher pressure the total heat 
in one pound of steam is 3-57 per cent, loss than at the lower pressure 
but, on the other hand, the heat available for work is 21 per cent, 
greater. They also indicate the large proportion of heat which is 
rejected to the condenser compared with the heat available for work. 
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and it is for the purpose of still further reducing the amount of heat 
rejected to the condenser that regenerative feed heating schemes have 
been developed. 

Fig. 15 shows the theoretical steam and heat consumptions at 
various initial steam pressures and temperatures and clearly indicates 
the increases in efficiency which may be obtained as steam yjressures 
and temperatures are raised. 

Prom the curves in Fig. 16 further curves (Fig. 16) are produced 
illustrating the percentage rate of decrease in heat consumption 
with steam at various pressures. It will be observed that the 
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Fig . If). Curves showing theoretical Decrease in Heat Consumption obtaii led 
by Increased Steam rroasuro. 


percentage decrease is slightly higher when the steam is expanded 
to 28 in. Hg. than when it is expanded to 29 in. Hg, from which it 
follows that the adoption of higher steam pressures is even more 
advantageous to stations operating with cooling towers than those 
at which ample supplies of cold water are available. 

It would appear that present practice favours the use of steam 
pressures in the neighbourhood of 900 p.s.i. for entirely new stations, 
,but that there is a profitable field for higher pressures of the order 
of 1,500 p.s.i., when the problem is that of increasing the thermal 
efficiency of existing medium-pressure stations. The alternative 
would be the complete replacement of the w^hole of the existing plant 
including both boilers and turbines. A proved pressure and tempera- 
ture may be adopted in view of very rapid growth of load for it may 
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be imperative that a new station should be put into commercial 
operation as soon as possible. By the time this was accomplished 
the load would be such that outages should be reduced to an absolute 
minimum. Such circumstances do arise during normal conditions 
but are more frequent during wars. Under these conditions it is not 
advisable to attempt anything in the nature of experiment and a 
pressure and temperature should be adopted and plant installed 
which are known to be satisfactory as the result of previous experi- 
ence. Investigations which have been made show that a 100 MW 
turbo-alternator imder certain conditions of fuel prices provides 
adequate return on the capital and running cltkrges when operating 
at 1,200 p.s.i., 960° P. as compared with 650 p.s.i., 860° P. 

The design of generating plant in the future will depend in no 
small way on the metallurgist in that new materials will have to be 
produced to meet the demands of engineers. 

In cases where fuel costs are excessive and load factors high it 
may be justifiable to adopt a rather higher steam pressure as a 
small gain in overall efficiency would be of relatively greater import- 
ance. Whilst the efficiency of generation is an all important 
factor in station design, and more so where fuel costs are on the 
increase, sight should not be lost of the numerous other factors such 
as reliability, repairs and maintenance charges, simplicity of opera- 
tion, space occupied and capital cost. 

The main features to be considered in fixing the initial steam 
conditions are : the capital cost of the plant, thermal efficiency 
realisable, price of coal, and the load factor of the station. The 
time element may be a controllong factor in design and the more 
important sections of plant may be chosen fix)m proved designs in 
order to expedite delivery, erection and commissioning and also 
ensure reliable operation. 

For many years numerous coal mines have been dumping 
large quantities of small (duff) coal to waste, and some power stations 
have been designed to take advantage of this cheap fuel. Such 
stations are in general not designed for high thermal efficiency but 
have proved a commercial proposition. 

It would appear that the time must c6me when the valuable 
constituents of coal which are now wasted by the ordinary methods 
of boiler firing will be extracted and used to better advantage, 

CHOICE OP VOLTAGE OP GENERATION 

As with steam pressure and temperatiure the choice of voltage 
of generation is chiefly an economic one, although much will depend 
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upon local conditions. The space av^ailable may not be adequate 
to accommodate step-up transformers, and tlie question of switch- 
gear rupturing and current carrying capacity also have to be borne 
in mind. There is also the fire risk at the station, which is of particai- 
lar value from an air raid precaution standpoint. 

Fewer circuit breakers, cables and outgoing feeders are neces- 
sitated when generating direct at say 20 kV or 33 kV thereby 
effecting considerable savings in buildings and site area. Circuit 
breakers operate under improved current conditions and better use is 
made of the cable conductors since skin and ])roximity effects impair 
current-carrying capacity in the larger sizes. The size and cost of 
cables affects the choice of voltage as cables become very cumber- 
some when large powers have to be handled at lower voltages. The 
number of large section single core cables that have to be used in 
parallel per plnisc result in high costs duo to the space and supporting 
arrangements required also the increased handling during installa- 
tion. 

In the choice of voltage of geueratioji and switching due regard 
must be paid to the sizes of (urcuit breakers available. At tlie 
present time the following ba\'e been suggested as standard maxi- 
mum values in tliis country : — 


Working kV 

Kiipiuring Cnpacli y 
MV A 

C’urront. Hating 
Anipv 

6*6 

:{5o 

1 ,600 

11-0 

500 

2,000 

22*0 

1,000 

1,600 

330 

1,500 

1,200 

66*0 

2,500 

1,200 

132-0 

2, 500 

600 

2700 

7,500 

600 


A large base h)ad station transmitting power over long distances 
may have a feeder voltage of 132 kV., in which case stei)-u]) trans- 
formers would still be required, and it may therefore be more 
economical to instal low^er voltage alternators. 

The highest generating voltage in use at the present time is 
36 kV., and this has proved satisfactory. In the very near future 
it is quite possible that alternators will be put into commerciab 
service operating at 66 kV. If a reasonable proportion of the load in 
a station be at 33 kV. then there would be some justification for 
installing high voltage alternators. 
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FUNDAMENTALS OF STATION DESIGN 

The trend in large undertakings is to transmit at 33 IV, to 
suitable distribution centres throughout the system and then step- 
down as required to suit the area served. 

Experience indicates that it is better to deal with the rapid 
growth of load by the use of higher grade insulation than by heavier 
conductors. 


STATION OPERATION 

Referring to Fig. 3 it will be observed that the load varies 
throughout the day in which case certain plant will have to be shut 
down and started up almost every day. Such operating conditions 
are usual in any power station, but when designing a new station 
it is essential to know whether it will bo required to run as a one-, 
two- or three-shift station, and possibility of interconnection with 
other stations, if tlie most suitable types and sizes of plant are to be 
installed. 

If a one- or two-shift station is visualised some of the factors to 
be kept in mind are : — 

( 1 ) The effect on boiler plant efliciency, availability, banking and starting, 

also load response. The choking and corrosioii of air heaters and 
economisers resulting in increased maintenance and repairs. Steel 
chimney and gas duct corrosion is also aggravated. 

(2) The effect on turbine efficiency™ -low loads for extended periods. 

Daily starting up and shutting down necessitating the provision 
of* motor-driven turning gear. 

(3) Steam and feed pi^Je ranges are subject to frequent temperature 

changes which are conducive to joint failiue and st) reduce the 
availability of the plant served. 

(4) Increased boiler make-up water has to bo provided for. 

The fundamental principle of any large interconnected electrical 
system such as the National Grid is to bring about a saving in the 
costs of generation, to afford greater protection against interruption 
of supply — i.e., increased reliability of supply — ^and to permit of 
centralised collection of cost and other statistics together with 
co-ordination of policy and planning of future development. 

Power stations as mentioned above may be classified into three 
principal groups, namely, Base Load, Secondary, Seasonal. 

The thermal efficiency of base-load stations is high due to the 
fact that a steady load of high-load factor is always guaranteed, 
which justifies the use of high-efficiency plant. This allows plant to 
operate under good conditions since frequent starting and stopping 
is eliminated. 
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Repairs and maintenance charges may generally be higher than 
for other classes of stations due to the temperature and other 
conditions which obtain, "llie total station costs are lower because 
a larger number of units can be generated at high thermal efficiency 
and the operating costs, such as salaries and wages, are spread over 
a greater number of units. 

Secondary stations usually operate more economically through 
interc^onnection due to tlie fact that they can be shut down instead 
of running at low and uneconomic loads. Centralised control 
enables these plants to be run at predicted loads over longer periods 
and not necessarily follow the variation of the particular local load 
which may be available. The thermal efficiency should be slightly 
improved and repairs and maintenance charges will be about the 
same. The shutting down of plant during the night usually allows 
of a more effective maintenance programme, but in practice con- 
ditions may differ so much that no hard and fast rules can be 
applied. On the whole the total cost of production would not vary 
very much from those applying without interconnection, but in 
many cases there should be some overall improvement. 

Seasonal stations are required for peak loads, and therefore 
operate for short periods at variable loads and the thermal efficiency 
is low. The operating cost in respect of salaries and wages is high 
per unit generated and the total cost of production of such a station, 
due to interconnection, is generally higher. Interconnection makes 
it possible for the controlling authority to determine the areas of load 
growth and plan the plant extensions to give the best economic 
return. It can also take advantage of the latest advances in thermal 
and electrical power plant piactice obtaining and collate the effects 
of these on design construction and operation. 

The selection of sites for power stations is one of the major 
problems in post-war planning, and as finality in design is never 
reached it is hoped that improvement will continue as knowledge 
of materials and other fac'tors increases. 
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CIVIL ENGINEERING WORKS AND BUILDINGS 

Site, In considering the site for any new power station it is 
necessary to take account of its inako-up and general contour. 
Riverside sites are often on alluvial flats, and it is essential to 
ascertain the nature of the substrata and their ability to carry 
heavy concentrated loads. A good bed of stiff clay, marl or compact 
gravel, providing there is no underlying stratum of sand or peat, 
should make a suitable foundation. Where alluvial mud or sand 
predominates it is usually necessary to drive piles into the under- 
lying subsoil and to float the site with a concrete raft. 

The geology of the localit}^ may be e.xtremely complicated and 
indicate tremendous disturbances combined with extraordinary 
dislocation of previous well-formed strata, the strata probably being 
almost vertical. An examination of the proposed site by survey 
and borings should be made to ascertain its suitability for the erection 
of an electric) power station. The nature of the subsoil can be found 
by digging pits and sinking borings. The following soil mechanics 
methods have been usc^d in the design of one large station : — 

(J ) The ultiinato bearing ])ro.s8iire of a coliosivo soil is 5*5 x shear strength 
of soil. 

(2) The active ami passive pressures on walls built in clay soils wci'o culcu- 
hited by the 0 = 0 niotliod, using iininediate sliear strength vahio in 
conjunction 'with lioll’s foniuda. 

(3) lUinn’s graphical method was used for (ietenniiiing the bending 
moments in sheet pile walls. 

Where the ciioice of site is limited and e.xcavations and borings 
indicate unsatisfactory conditions, that is, the site is very poor for 
the purpose of foundations, then piling will liave to be resorted to. 
Snell a procedure is costly but may be justified by other advantages 
gained by using sucli a site. 

Particulars of two sites are given, the first being that where 
piled foundations were unnecessary and the second where this type 
of foundation had to be used. 


Site 1. 

(а) A layer of stilf clay, 6 ft. thick. 

(б) A firm layer of sand and gravel, 16 ft. thick. W nter is found about 
12 ft. below the surface* wliich roughly corrt\sponds to tJie river level. 

(c) Stiff blue cla>s and fthales, almost as iuird as rock, onwards. 

86 
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♦Site 2. 

(а) Above ordnance datum tlje ground consists eliiefly of ashes and mud 
with a little clay and soil. 

(б) Below ordnance datum to approximately — 30 ordnance datum the 
composition is largely of sand and silt. 

(c) The first good stratum occurs at a depth varying from about — 30 
ordnance datum to — 40 ordnance datura, and consists of a bed of ballast 
varying in thickness between 6 ft. and 12 ft. Below the ballast is a stratum 
of brown clay. 

The site in tlie latter case is very poor for the purpose of the 
(joiistruction of engineering works which make up a power station, 
lor at no point can the groujid itself be relied upon to sustain any 
pressure. Every foundation was piled down to the stratum of ballast 
at 30 ordnance datum. 

Another station site was chiefly marsh land of which some 
40 acres was filled in around the buildings by dredging the river. 
Raft construction (4ft. 4 in. thick) was adopted, being supported 
on concrete piles driven some 05 ft. to the rock bed. The large area 
of surrounding marsh provided unlimited space for ash disposal. 

The subsoil t hroughout the site of another station was of alluvial 
sands ar.d gravel overlying the lower magnesian limestone, which 
lies non-comformably on the coal measures. Such alluvials are 
incapable of carrying heavy loads and the foundations of the plant 
and buildings were extended by piles to the limestone bed. In the 
initial stages i)rocast reinforced concrete jules were used ; the 
average length of the piles being 35 ft., but in later stages piles 
varying in length from 30 to 50 ft. were requir'ed. 

The subsoil of another site (Fig. 29), as might be expected in the 
basin of a large slow-flowing river, consists of a series of clays and 
silts of medium to soft consistency, incapable of supporting without 
(jonsiderable settlement loads greater than about | ton per sq. ft., 
whereas the estimated load distribution was about 1| tons per sq. ft. 
Examination of bore-hole cores showed no satisfactory stratum 
existed on which bearing piles could be supported. The principle 
adopted for the foundation, therefore, was to “ float ” the founda- 
tions in the surrounding earth. The whole area of main buildings 
was excavated to a depth of 22 ft. 6 in. and a cellular reinforced 
concrete raft built into the excavation. In the turbine house the 
deck of the raft had to be omitted to provide for the condensing 
plant ; and to preserve the continuity in the raft the floor was made 
considerably tliicker. The sections of the station on the two rafts 
are completely separated by an expansion joint and will remain so 
even when the rafts themselves are joined. 
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Another site consists of alluvial soil (mud) washed down from the 
hinterland and in places is over 40 ft. deep. It is incapable of 
supporting the weight of the buildings and plant, and it was decided 
to provide a mass concrete raft 500 X 248 ft., varying in depth 
from 15 to 30 ft., to take the boiler house, turbine house and trans- 
former annexe. The total weight of this single block is about 
150,000 tons. Two rings of sheet steel piling were driven to enable 
the mud to be excavated to provide room for pouring the concrete 
raft. 

There are two other items which should be considered when 
selecting a site, namely, the possibility'of flooding by the river, and 
mining rights. 

As regards flooding, it is often possible to have access to records 
held by the river authorities over a considerable period, and reference 
can also be made to ordnance maps. In any case provision can be 
made in the design and construction of the station so that a few feet 
of water will not endanger its working. 

The fixing of the station datum line requires attention so that 
the water level of the circulating water system (be it sea, river or 
lake, and especially tidal rivers or estuaries), is used to full advantage 
in saving pumping power. The levels of spring and ebb tides and of 
flood levels determine the levels of the circulating water system, 
coal jetty and turbine house. Cooling tower stations also depend 
veiy much on site conditions since it is possible to use a combination 
of both pipe and concrete culverts for the circulating water. 

The question of mining rights should be given careful considera- 
tion, and it is always advisable to seek the opinion of a mineral 
surveyor on matters of this nature. These rights may be held by 
private companies, who may compel the station owners to buy the 
coal at an exhorbitant price by threat of working after the heavy 
buildings are erected. In some cases they are unable to work them 
both from financial and geological considerations. 

The site area required for an electric power station depends on 
the amount of plant to be accommodated. The price of land 
varies considerably, as will be observed from the following ; — 

London area . . , . £40,000 per acre. 

Provincial area .... £60 to £100 per acre. 

It is difficult to give any reliable figures for plant installed on 
power-station sites, for on considering a number of stations it was 
found that the acreage varied from 8 to 150 and the MW installed 
from about 5 to 50 per acre. 
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The following information relates to a 300 MW riverside station 
using sea-going colliers and pulverised fuel firing ; — 


^cre«. 

Main buildings ........ 5*22 

Switch house ........ 0*64 

Transformer park ....... 0*26 

Workshops, stores, ...... 0*60 

Coal — Storage area . . . . . . .4*36 

Ash — ,, ........ 0*40 

Subsidiary buildings, roads, railways, jetty and cranes. 7*43 


Total 18*90 


Coal storage , . . 125,000 tons (45,000 under water) 


Ash „ ... 4,000 „ 

Throughout the detailed design of a station a careful check 
should be kept on the buildin^olume and floor space for the various 
sections of plant, otherwise the preliminary estimate costs may be 
exceeded. Where excavation is costly, due to the presence of hard 
rock or to loose alluvial soil which necessitates the use of sheet steel 
lining, the floor area should be reduced to the absolute minimum 
consistent with reliable and efficient operation. It may be necessary 
to provide approach roads and cable tunnels for some considerable 
distance outside the station and allowance should be made for these 
items. 

Types of Ground. The first step is to determine the nature and 
properties of the ground, and in some instances the nature of the 
ground may be known to be sound locally by the stability of existing 
or previous structures. If there is any doubt as to the exact nature 
of the ground it is essential to investigate its character not only to 
the depth of the foundations, but considerably deeper. 

These investigations may be carried out in various ways, such 
as : — 

(a) Probing, (b) Test pits and shafts, (c) Borings, (d) Exploratory 
tube, (e) Test pile. 

The probing test is carried out on shallow foundations for it is 
simple and cheap. Hollow steel rods — to 2 in. internal diameter 
in 8 ft. lengths — ^are screwed together to make up long lengths. 
A pointed steel toe and steel driving head are screwed to the bottom 
and top of the rods (Fig. 17). The rods are driven by striking with a 
heavy hammer or mallet, being rotated at the same time by a tiller 
clamped to the rods. The bar is driven until it enters hard ground 
which is noted by the resistance to driving and the feel of the rod. 
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Probing to a depth of 10 ft. in compact material and 20 ft. in soft 
ground is usual, the whole area being covered. 

Test pits about 5 ft. square are used for inspecting and testing 
the strata for shallow foundations. 

To test for bearing value a set-up as shown in Pig. 18 is used. 
A graph showing the settlement plotted against load is drawn 
and the “ yield point ” of the ground may be taken as the point 
at winch tiie slope of the graph changes (Pig. 19). The safe bearing 
pressure for foundation design may be taken as about one-half the 
pressure at the yield point of the ground. Borings may be made in 



several ways- percussive bearing and rotary boring. The former 
consists of ponet rating the ground by a series of blows delivered 
continuously from cutting tools of reasonable weight for the job in 
hand. The resulting broken materials (samples) are removed as 
desired, by a sludge pump. Pig. 20 shows this method as used for 
hard boring. Boreholes are formed by using G-in. diameter tubes or, 
in difficult conditions, 8-in. diameter tubes for the upper 
section. Holes may be bored to a depth of up to 50 ft. or more 
below ground level. A boring log-sheet is recorded for each hole 
giving the surface level, depth of borehole, the thickness of every 
stratum met with and artesian water levels. Exploratory tube, 
methods aie borings of about IG in. diameter. I'lie large outer tube, 



Sq ^ioor. 



^jrrrjLjc‘/^£‘Afr /v //sfc^es, 
Fio. 19. Load Sottlement Graph. 
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Pig. 21, is sunk to the required depth as in borings and the internal 
tube (about 10 in. dia.) carries the test load. The internal tube has 
a steel foot at the base of 1 sq. ft. area and a test platform at the top. 
The maximum depth at which such tests may be carried out is about 



Fia. 20. Arrangement for Porcuasivo Boring. 

50 ft. Test piles provide information regarding Ioad-can*ying 
capacity by either friction on the side of the pile or bearing on the 
pile toe or a combination of both. 

As a guide in the design of foundations, the safe loads given in 
Tables 2 and 3 for various materials may be used. It will be observed 
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that clay cannot be relied upon. If it is dry and in thick beds it forms 
a good foundation, but if wet it becomes lubricated and plastic, 
having little bearing value and less shear value. 



It is particularly dangerous if alternately wet and dry, as it 
shrinks on drying. In one station the ground consisted chiefly of 
red stone, and a bearing pressure of 9 to 10 tons per sq. ft. was 
allowed. 
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Foundations. Having briefly outlined the site and ground 
conditions, the next problem is that of foundations. 


Table 2. ^afe Bearing Loads on Sub-soils 



Maximum Safe Pressure 


In tons per square foot 

Alluvial soil and quicksand ...... 

less til an J 

Chalk — Soft ........ 

1 

—Hard 

3 

Sand — Dry ........ 

1 

,, — Fine and very com] )act ..... 

3 

— Firm, enclosed by sheet piiuig .... 

6 ^ 

Clay -Moist, soft ....... 

1 

,, — Vcllow, dry .... . . 

2 

,, — London blue ....... 

4 

-Boulder, dry in thick beds . 

5 

,, - Wet in thin layers inclined . . . . . i 

0 

(havcl — Ordinary 

3 

„ — Compact ....... 

4 

Ko(‘k — -Soft sandstone, limestone, ot(j. .... 

2 


„ — Medium, Yoifctone, Gritstone, Blue liiiicstoiKi . ' 8 

„ —Hard in thick layers — granite, etc. . . . | 30-75 

i 


For machinery and stnudures, these must fulfil some or all of the 
following requirements : — 

(1) To maintain the inacliinery anil structuros rigid and keep all parts 
in true alignment. 

(2) To transmit the dead weight of the machinery and structures to the 


Table 3. Safe Bearing Loads on Foundation Materials 


MatoriulH 


Granite . . ... 

Limestoiu^ . . . * . 

Sandstone .... 
Portland Stone . 

Blue brick in ei'inoiit iiioi tai 
Red brick in cement mortar 
Red brick in ordinary mortar 
Concrete 1:2:4 
Concrete 1:3:0 


Muxiinuiii Safe Trcs- 
suro ill Tons per 
StpiHto Foot 


20 30 
15-20 
12-15 
12-20 
12-15 
4-6 
2-3 
10 
6 


ground and distribute it in .sucli a inamier that tlie safe hearing pressure of 
the ground is not exceeded. This dead load always acts verticallj’ downwards. 

(3) To transmit if required the live loads of the inachinory and structures 
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to the ground. The directions m which the forces act, »iue to the live loads, 
will depend upon the types of machinery and structures used. 

(4) To absorb as far as possible vibrations set up by machinery so as to 
transmit as little as possible of this vibration to the surrounding ground. 
The machinery foundations should be isolat^ed from the building foundations 
to reduce the transmission of vibrational forces to a minimum and obviate 



troubles due to settlement. A foundation should be heavy enough to take 
care of any accidental out-of-balanco for(;es which may arise tluring normal 
working of the machinery. 

The designs and types of foundations Avill depend primarily on 
the subsoil obtaining on the site, and it is necessary to determine 
the nature of the subsoil so that the possibility of settlement can be 
eliminated. TJie latter may in turn determine the type of building 
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eonstniction to be adopted. The nature of the ground will also fix 
the loading per sq. ft. that rnay be superimposed so as to maintain 
a reasonable safety factor. Preliminary investigations may indicate 
the necessity for piling in which case costly preparatory work may 
be encountered. Site conditions may be such that it is possible to 
constinct a substantial concrete raft over the whole area of the 
buildings, reinforced at the upper and lower edges. The ducts 
for the inlet and outlet of the cooling water may also be incor- 
porated in the raft where these ducts are in contact with the buildings. 

If the sub-soil lias very poor load-carrying abilities then a very 

light form of building is necessary to 
keep the loading within prescribed 
limits. It may be necessary to dig out 
the ground to get the proper strata upon 
which to build the foundations and in 
such cases it is cheaper to form a base 
ment than to fill it up again. This 
usually calls for the construction of 
lieavy retaining walls, Figs. 22 and 23, 
but the alternative would be to fill up 
to get above water level if the site is in 
the vicinity of a river ; further, it may 
be necessary to use piled foimdations. 
Under such conditions it may be neces- 
sary to carry the whole of the structure 
and large machinery on a heavy rein- 
forced concrete raft. At one large 
st ation the raft was laid on London blue 
clay at a depth of 30 ft. below ground 
level, and the stanchion loads were distributed by means of steel 
grillages so that the pressure on the clay did not exceed 4 tons per 
square foot. The raft was built in mass concrete with a mix of 6 
parts of baUast to 1 part of cement, and had a general thickness of 
12 ft. It was constructed in two operations, firstly up to the \mder- 
side of the main grillages and then by a mass filling to basement 
floor level. 

In another station it was found essential to use piled foundations 
— ^the piling being capped with concrete mats or rafts — and some 
idea of the work involved in piling will be gathered from the details 
given. 

The foundations for the turbine house main columns on the side 
away from the boiler house are of reinforced concrete, 9 ft. thick, 



Fig. 23. Mass OouMota Kotain- 
ing Wall. 
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24 ft, long and 18 ft. wide. They are each carried on twenty-eight 
14 in. square reinforced concrete piles. The foundations for the 
turbine house main columns on the boiler house side are 27 ft. 6 in. 
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long, 18 ft. wide and 9 ft. deep, carried on thirty-two piles, 14 in. 
square. In all cases the main column bases have grillages, the grillage 
and 2 ft. of the column -shaft above the base plate being buried in 
the concrete foundation. Including piles for four — 50 MW turbo- 
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alternator blocks, the total number of piles driven in turbine house 
was 1 ,606. The total number of roinforced-concrete piles for one 
boiler house holding eight boilers was 1,387. 

Where the ground is reliable it will be found quite suitable 
to provide a reinforced concrete raft of about 3 ft. to 4 ft. in thickness 
with |-in. diameter rods at 12 in. centres, top and bottom. This 
may appear to be excessive, but it always pays to be on the right side 
to allow for probable extra loads. 

It is possible to get a site where the load-bearing value is low 
and at such a depth as to make piling impracticable. An 
example of this seas ex|)erienced where muddy clay and silty sand 
extended over depths varying from 70 ft. to 90 ft. below ground 
level. A cellular reinforced concrete raft construction was used for 
the boiler and boiler-house foundations to limit the loading on the 





Fig. 25. Piled Foundations for Turbine House. 


ground to approximately 1^ tons per square foot. Even so some 
settlement took place, and records indicated that the structures 
sunk some hj in. to in. during the first few months without, 
giving trouble. By adopting cellular construction the dead weight is 
considerably reduced and the stiffness is increased by the inclusion 
of longitudinal and transverse beams. Such a raft design for 
boilers of 200,000 Ib./hr. M.C.R. output was as follows : — 


Total load on any staiu^hion base 
Total load carried by raft . 
Bottom slab of raft . 

Top slab of raft (basement) 

Walls of raft . . . . 


. 720 tons. 

. 13,350 tons. 

. 18 in. thick. 

8 in. thick. 

. 18 in. to 36 in. thick. 


Figs. 24-29 illustrate some typical foundations. One of the largest 
modern applications of the displacement raft type of foundations is 
that, for the Oahutta Electric Supply Corporation. The ultimate 
capacity of the station is 210 MW (3-50 MW and 2-30 MAV sets). 
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The power station superstructure, together with the administra- 
tive building is carried on a large cellular-type formation raft, 
Fig. 29, because borings made at site showed the ground to consist 
of clay and clay silts of poor bearing quality. By going to a depth 
of 21 ft. (only 4 ft. greater than required for circulating water mains 
and auxiliaries) and using cellular construction, sufficient displace- 
ment could be obtained to reduce the gross bearing pressure to 
1 ^ tons per sq. ft. Soil tests showed that with this value, settlements, 
although appreciable, would not be objectionable. The overall 
dimensions of the raft are : width, 229 ft. ; depth, 20 ft. 9 in. ; 
length, about 450 ft. The raft provides a means of obtaining the 
necessary stiffness and strength in bending and shear to spread 
(concentrations of surface loadings over large areas without appreci- 
able flexing and distortion. Its hollow recesses accommodate the 
6 ft. diameter circulating water pipes, cables, pipes and auxiliary 
transformers (see Site, earlier). 

Probably the most important plant foundation is that for the 
turbo-alternator, and features of major importance are ; — 

(1) Adequate rigidity and generous bearing values on soil. 

(2) Reasonable maximum deflection of main supporting beams. 

(3) Isolation of foundations reducing possibility of vibrations in building 

structure. 

(4) Allowance for final grouting up of sole-plate shims. 

(5) Full allowance for all possible loadings during operating conditions. 

The foundation may be either of mass concrete, concrete reinforced 
in certain directions, or wholly reinforced concrete. The trend in 
continental countries is to dispense with (joncreto filling and rely 
solely on the structural framework for carrying tlie turbine and 
alternator. The steelwork is usually ample for supporting the weight 
of the plant without coruu’ete, but cannot be considered as a substi- 
tute for reinforcing bars to tic the various portions of the concrete 
structure together. With a concrete foundation the hot and cooled 
air compartments are built into the foundation below the alternator, 
with the air coofer interposed between t-hern. With steel foundations 
the air duct work is of steel plate construction. Structural steel 
framework can be arranged to permit of greater clearance for 
pipework, etc., than concrete foundations, but care is needed to 
ensure the requisite stiffness by bracing. To prevent lateral trans- 
mission of vibration the foundation blocks are usually isolated from 
the main floors and, as a further precaution, an air space of J in. 
packed with felt, rubber or pitch, is included around the founda- 
tion contours. Due to the requirements of the air-cooling system, 
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it would appear that there is nothing to be gained by omitting the 
concrete, as the latter may be formed to provide the necessary air 
circuits for the alteniator and it is claimed that the foundations 
finished in this manner have a better appearance. As so much 



depends upon these foundations, the turbo-alternator contractor 
may recommend that the detailed design be carried out under the 
supervision of a civil engineer who understands the requirements 
of such machinery, and that the work be carried out by a civil 
engineering contractor who has had previous experience of such 
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work and can be relied upon to make an absolutely jointless mono- 
lithic structure. When ordinary Portland cement is used the 
work should be carried out continuously without any halts. This 
is most important otherwise there wdll be a tendency for layers of 
concrete to form and the final block will not be a homogeneous 
mass. 

If rapid-hardening cement is used the placing should be carried 
out in sections, so that the heat caused by the hydration of the 
cement may be adequately dissipated. Failure to do this may cause 
induced stresses promoting cracking, and the larger the bulk the 
greater is the tendency for this to take place. 

It is sometimes contended that the heat generated by continuous 
pouring influences setting since a considerable pressure is imposed 
on the lower portions of the concrete due to the head, the weight 
of concrete being about 150 lb. per cubic foot. If continuous pouring 
is not possible, the layers may roach a semi -dry state, which is 
unsatisfactory for setting uiien additional weight is imposed by 
the later layers of concroU^. Great care is necessary to ensure that 
any scum is removed at each tier level belbre resumption of con- 
creting. With this ])re(^aution and the provision of adequate 
reinforcement considerable intervals can be permitted between 
pourings although continuous pouring is no doubt better. 

Special attention should also be paid to the design and con- 
struction of the shuttering, otherwise difficulties may be experienced 
when pouring continuously because the mass of concrete sluinks 
during setting. 

The shuttering should be stiipjxKl accordmg to the provisions 
made for the setting ot* the concrete. Time may be gained by the 
use of rapid hardening cement or the addition of calcium chloride. 

The concrete should be composed of cement, sand and aggregate 
not weaker than 1:2: 4/| in. The water should be applied until 
the mixture is just jdastic (1 J in. slump on a lO-in. slump tester). 

The sand should be clean sliarp river or crushed sand free from 
impurities, and should be washed if considered necessary. The 
should be (dean, sharp broken stone or cnislied gravel, 
perfectly free from soil, clay, etc. Cases are on record where founda- 
tion blocks have cracked due to inferior aggregate obtained from a 
local sourcje. Compete formed with broken brick will not yield 
such a high crushing strength as that obtained with the use of the 
normal aggregate. 

The concrete should be deposited in such a way that the surface 
is always on a slojie and any excess water should be allowed to drain 
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off, and holes in the shuttering will help. The concrete may be com- 
pacted by means of mechanical vibrators, but care is necessary to 
avoid displacement of shuttering and disturbance of partly set 
concrete. 

The concrete should be left some 2 in. to 4 in. low on the alternator 
block and grouted up after the bedplate is set and packers fitted. 
The turbine block can be left about 2 in. low at certain points so 
that the steam chest and pedestal can be grouted up after being set. 
Probably the best method of fixing the stator is to take the main 
bolts through the stator feet and soleplate, and anchor on the 
underside of tlie main girders or joists. The soleplate is bolted 
down with independent hard-drawn bolts grouted in and the main 
bolts are then taken through the stator feet, the soleplate also being 
grouted in. Bolts can be threaded through the stator feet from the 
top with the stator in position. 

To prevent the breaking away of the outer portions of the 
blocks it is usual to provide mattresses of reinforcing steel bars, 
§ in. diameter bars at 12 in. centres, around the whole of the 
blocks. The bars should be boimd together with pliable iron wire 
so that the reinforcement is not displaced in the process of depositing 
the concrete. Figs. 30 and 32 show two typical designs. 

The bars usually have from 1| in. to 2 in. of concrete cover, 
although 2i in. to 3 in. has been suggested. Talcing a typical 
50-MW turbo-alternator set, the foundation consists of two mass- 
concrete blocks, 80 ft. long overall, 22 ft. wide and 26 ft. liigh above 
basement level. A 25-ft. space between the blocks houses the 
condenser, which is supported on concrete stools poured with and 
forming part of the main raft. The two blocks are securely tied 
together at the top by two heavy pi ate -girders, which support 
the turbo-altcinator. These heavy plate-girders may each be from 
12 to 20 tons in weight, and should be unpainted where they are in 
(joncretc. As a matter of interest, it may bo mentioned that the 
ends wliicli are set in the turbine block are sometimes given a 
good coat of varnish to assist movement caused by expansion, and 
a piece of soft wood inserted between the ends of the steel girders 
and the concrete takes up any expansion at the steam end. 
Columns supporting these two plate-girders are carried into the 
concrete foundations. The blocks are provided with the necessary 
openings and cavities for air-coolers and fans for the alternator 
air-circuit and pipework for the turbine. The main girders for 
one 30-MW set consist of 3-24 in. X 7| in. 90 lb. R.S.J. with 2-1-in. 
plates top and bottom, 24 in. w ide flush riveted on top and bottom 
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in way of double plates and at turbine end. Bolt holes in the girder 
and certain cleats are elongated J in. to allow for expansion of 
longitudinals in a direction towards the turbine end. The supporting 
columns are of fabricated angle in box construction, there being 
two at turbine end, four at alternator end and two R.S.J. columns 
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at the exciter. Where the steelwork and girders form part of the 
alternator and exciter air-circuit they are thoroughly cleaned and 
vaniished. 

In one example (60-MW set) the machine foundation of two 
blocks contained approximately 800 cubic yards of concrete. Each 
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block was poured continuously, the shortest time taken to complete 
a foundation was three and a half days. The timber shuttering 
was removed seven days after the final skip of concrete had been 
poured. Another station having blocks (26 MW sets) each of 400 
cubic yards of concrete were poured in one continuous operation 
lasting about 40 hours. Details of a 30-MW set are given in Table 4 
as a guide for mucli will depend on site conditions. 


Table 4. Turbo^alternator Foundations 


Turbine Block 


Actunl 
Time for 
Pouring 
(Hours) 

1 

(’oncrete 

(Cubic 

Yanis) 

1 

Reinforc- 
ing Steel 
(Tons) 

('apacity 
and No of 
Concrete 
Mixers 

No. 

of 

Men 

60 

170 

4 

Two 

7 cubic ft. 
each 

16 

i 


Remarks : Timber shuttering removed 
after 10 days and found in order. 
Average Turbine House temp. 70*’ F. 


Alternator Block 


Actual 
Time for 
Pouring 
(Hours) 

Concrete 

(Cubic 

Yards) 

Eelnforo- 
ing Steel 
(Tons) 

Capacity 
and No. of 
Concrete 
Mixers 

No. 

of 

Men 

30 

120 

2-6 

Two 

7 cubic ft. 
each 

12 


Remarks : Timber shuttering removed 
after 7 days and found in order. 
Average Turbine House temp. 70® F. 


To lest for settlement of the foundation blocks a number of oil 
level-gauges may be placed at selected positions around the blocks 
prior to the erection of the machine. In some cases turbine 
cylinder distortion has been attributed to settlement of the founda- 
tion blocks. 

Table 5 gives mixes for various sections of work. Some idea of 
the loadings in large turbo -alternators will be obtained from the 
following : — 


FOUNDATION LOADINGS 
(50 MW, 11 kV, 1,.500 r.p.m, set, 600p.s.i.) 

Tons. 


Turbine , . - . 

. 220 

Condenser 

. 180 

Alternator and exciter . 

. 160 

Short-circuit force . 

60 

Piping and flooring 

. 30 

Concrete and steelwork . 

. 860 

Total load = 1,490 tons. 


Total area over which it is loaded = 610 sq. ft. 

T . L490 

Intensity of loading = ~ 2*4 tons per square foot. 
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Maximum intensity of loading == 6-5 tons per square foot (over portions of 

alternator foundations where short 
circuit force is acting). 

Minimum „ „ = 1'4 tons per square foot (condenser 

stools). 

(30 MW, 33 kV, 3,000 r.p.m. set, 300 p.s.i.) 

Alternator bl(x*k . 425 tons (includes alternator and foundation block). 

Area over which this load is distributed = 430 sq. ft. 

/. Load per sq. ft. = 0-99 ton. 

Turbine block . . 280 tons (includes turbine and foundation block). 

Area over wliich this load is distributed = 220 sq. ft. 

Load porsq. ft. — 1*27 tons. 

Condenser stools . 8 stools, total 110 tons (includes condenser with 

leakage tost water). 

Area over which load is distributed per stool =*13 sq. ft. 

/. Load per sq. ft. = 0*86 ton. 

Moss foundations . 830 tons. 

Total load on ground = 425 + 280 + 110 + 830 
= 1 ,645 tons. 

Area over which this loml is distributed = 1,150 sq. ft. approx. 

Load per sq. ft. = — - 

= 1*43 tons average. 

Maximum load per sq. ft. = 1’8 tons. 

General particulars of ground for this example are : — 

0 — 8 ft. made-up ground. 

8 — 15 ft. shale with clay and traces of gravel. 

Below 15 ft., good gravel. 

If provision has to be made for protection from splinters and 
bomb blast, a 12-m. thick reinforced concrete canopy will afford some 
protection. Such a canopy will usually consist of some fourteen 
units, eacli weighing about 10 tons, although the number and size will 
be governed by the size of the turbo-alternator. This additional load 
is fairly well distributed over the turbine and alternator foundation 
blocks so that the increase per sq. ft. is small. 

It is very important that the concrete surfaces of the air circuits 
sliould be perfectly unifonn, smooth and free from formwork marks 
and imperfections. The finish should be such that particles of 
concrete will not become dislodged and carried with the cooling air 
into the alternator. The faces of the concrete should be left sound 
and solid, free from voids, and any holes in the surfaces should be 
filled with cement and sand (1 part cement, 2 parts of fine sand) and 
nibbed down with carborundum. 

Where the cooling air comes in contact with the concrete the 
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surface should be faced and treated with a vitrifying or petrifying 
liquid, silicate of soda or other similar solution, to ensure a hard 
finish and should be painted or enamelled. The external faces of 
the blocks may be left smooth or brick -marked but in some cases 
white glazed bricks have been used. 

In a number of recent power station extensions it has been 
deemed advisable on the grounds of economy and restricted choice 
of sites, etc., to modernise earlier stations. The modernisation of 
an old station often neccessitates departures from recognised practice 
and some interesting problems are usually encountered. No hard 
and fast rules can be laid down, for site conditions and existing 
plant both have to be taken into consideration. 

The foundations for new plant necessitate the removal of old 
turbo -alternator blocks and these in turn may have supported 
the turbine house floor and the switchgear control gallery. In one 
station precautions had to be taken to support tliis floor and trans- 
verse struts were included to prevent any movement before pro- 
ceeding with demolition work. 

The breaking-up of the foundation blocks requires care where 
delicate relays and other protective apparatus are in the vicinity 
and in service. Relays are liable to operate if there is undue vibra- 
tion, and this must be prevented at all costs. One method of 
breaking up the blocks is to drill 3 in. diameter holes with pneumatic 
drills and then insert wedge pieces. Hydraulic tools are then placed 
between the wedges and a small hand pump generating a pressure 
of about 2,000 lb. per sq. in. is applied which splits the blocks into 
feasonably large sections without any vibration or undue disturb- 
ance. 

Another point to be borne in mind is that a station will often be 
required to operate at normal output throughout the extension 
period, and care must be exercised to ensure that interference with 
running plant is reduced to a minimum. Some minor disturbances 
are inevitable, but these are chiefly in connection with the linking 
up of the old and new sections and apply more particularly to the 
steam, water and electrical plant. 

In the design of a foundation for an oil engine "(house set), static, 
rotating and reciprocating parts complicate the problem and must be 
allowed for. 

To eliminate noise and vibration from Diesel engine generators in 
a film studio power house, the foundations are formed of single 
island rafts of concrete 2 ft. thick set 9 ft. below floor level and 
covered with a 2J-in. sandwich of “ Coresil cork on wliich rests a 
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ooiaiiion coiici-ete block 7 ft. deep, the whole weighing about 1,000 
tons. An insulating air spacio of 9 in. widtli is left around the 
foundation. 

Templates are employed for setting out accjurately the positions 
of bolt holes for plant foundations, holes being left in the concrete to 
receive the bolts. 

Wooden core-boxes which are greased before placing in position 
to facilitate removal are fixed before placing the concrete. After 
setting, the plant is placed in position on steel packers, aligned and 
trued up, and the bedplate is then grouted up. The plinth is left some 
2 to 3 in. low and with a rough surface to take the grout. 

Transformer foundations do not present much trouble and the 
practice is to make use of substantial reinfoiced concrete rafts 
wherever possible. A great deal will depend on the site conditions 
and the size and weight of the transformer units. Where earth- 
quakes have to be allowed for use may be made of anti -earth quake 
foundations for large units, whicli are set on rails and comprise 
concrete blocks at the four corners to juevent overturning during 
earth tremors. Reference should be made to (yha])ters Xlll and XIV 
for transformers aticl switchgear respc(itively. 

Table 5. Concrete Mixes 


Section 


I‘roportlon of Concroto 
by Volume 


Turbo -alternator blocks including condenser stools, fan 
blocks, piles, etc. ....... 

Mass concrete raft under turbo-all-ernator blocks 
Mass concrete in back lilling to foundations, tronclios and 
stanchions ........ 

Floors, beams, etc. ....... 


1 : 2 : 4/1 m. 
1:3- 6/2 in. 

1:4: 8/2 in. 
1:2: 4/j in. 


Working Stresses. The following data are given as a guide and 
should only be followed where applicable, for in many installations 
the by-laws of local authorities have to be adopted. The stresses 
to be applied to any stnicture should not exceed the following for 
dead loads or two-thirds of such figures for live loads. 

Tons. 

Safe load per square foot of concrete foundations (1:2:4) 8 to 10 
,, ,, ordinary brickwork . , 6 

>• M „ hard or blue ,, . . 8 to 10 

Maximum tensile or compressive stress in structural 

steelwork per square inch . . . . . 5 to 8 

Maximum compressive sti'ess on cast iron bearing plates 
per squai e inch ....... 


8 
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Maximum compressive stress on hard York stone per 
square foot . 

Maximum shear stress in mild steel bolts and rivets per 
square inch ........ 

Maximum tensile stress in mild steel bolts and rivets jier 
square inch ........ 

Maximum wind })ressuie per square foot 

Maximum allowance for snow on roof per square foot . 
„ ,, „ sn])erimpo.sed load j>er sipiare 

foot ..... 


8 

4 

5 

30 lb. 
6 ., 

30 to 40 „ 


All flooiH should be designed to withstand tlie loadings imposed when 
disinantling the plant. The following figures are typical : — 


Boiler liouso. 

Basement 
Firing floor . 

Fan floor 
Platforms 
(\)nv(*y()r flooi 
Roof .... 
1’urhine house. 

Basement 
Operating flooi 
Tank floor . 

Roof .... 
Transformer bay ai(‘a . 

Switch house 
rontrol room 

Motor generator and battery 
rooms .... 


. T) ew<s. per square foot sufier 

** >♦ >• >> »♦ 

*> 

• ^ »» »i •• »> 

• 1 >» »> »» »> »» 

40 Ib. „ 

5 cwts. per square foot super 

. .. » O ,, ff ft »* 

2-4 

• ^ ^ M »» I* »» 

. 40 lb. 

1-6 tons „ „ „ „ 

5 to 10 cwts. „ „ ,, „ 

• 2 ,, ,, ff ff 

1 to 2 ff ff yy ff 


Factors of Safety 

Reinforced eoiicrott' and mass concrete foundations . . 0 

Steelwork subject to live or rolling loads . . . . o 

Steelwork subject to dead loads only ..... 4 

I’emporary structures for erection purposes .... 4 


In addition to the factor of safety of 5 for live loads, full allowance 
shoidd be made for impac't and the live loads should include 
macliinery, tTanes, telphers, hoists, conveyors, etc., caiT 3 ing full 
specified loads. 

Where 1‘ans and pumps are placied on upper floors the steehvork 
may be desiged to take at least twice the load to allow for vibration, 
which is a serious factor, part icul arty wliere two or more fans are 
operating at different speeds. 

Due allowance should be made for stresses induced by pipe 
supports, anchors, etc., and the conditions obtaining during erection 
of the plant sliould be taken into consideration. 
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Reinforced Concrete, Steelwork, etc. Care should always be 
taken to ensure that the work is carried out in accordance with the 
appropriate specifications. The carrying out of certain sections 
of the work calls for special attention and care, otherwise trouble 
may arise later. The strength of concrete varies considerably with 
the amount of water used in mixing, generally the minimum water, 
i.e., the *' stiffest ” mix produces the strongest concrete. The most 
practical test is the slump test : — 

Cone formed of 20 gauge galvanised iron, 4 and 8 in. diameter by 12 in. 
long. 

Tamp each 3-iii. layer fifteen times with J-in. diameter rod. Lift when 
filled and measure slumj). 

Maximum slump must not be greater than : — 

Footings , . . . . . 3 in. slump. 

Columns . . . . . . 4 ,, ,, 

Floor, walls and beams . . . 5 ,, ,, 

The steelwork should be examined for straightness of sections, 
closeness of joints, faulty rivets and bolts, drifting holes and dimen- 
sions. After inspection and before leaving the makers’ works, all 
steelwork should be thoroughly (deaned and coated with either one 
coat of boiled oil laid on hot or one coat of protective paint to prevent 
pitting and corrosion. All faces in contact and inaccessible portions 
should be given one coat of protective paint before erection. After 
erection, all exposed surfaces should be cleaned down and given at 
least two coats of paint of approved quality, composition and colour. 
It is generally accepted that a three-coat system provides good 
protection, using a primer and a good hard undercoat with a finishing 
coat which can be varied to suit conditions obtaining. Good results 
can be obtained under dry conditions by using an aluminium 
finishing coat, whose reflective powers protect the undercoat from 
the deleterious effects of light besides being itself resistant to general 
corrosive effects and also giving a good appearance. 

Because of its higher resistance to attack from flue gases high- 
aluraina cement has been used for exposed concrete work, and in 
mortar for brickwork. Concrete spalling due to freezing of absorbed 
water may be due to : poorly graded aggregates ; incorrectly 
proportioned mixes ; excess water ; insufficient mixing ; separation 
of constituents ; over-manipulation ; j>oor curing or prot/ection. 

The foundation steelwork for a turbo -alternator should be 
complete with bolts, nuts, washers, cleats and holding bolts, etc., 
for fitting up on site. Girders, plates, etc., should be perfectly 
flat, and all holes for rivets and bolts should be drilled and not 
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punched. Steelwork should have centre lines distinctly marked on to 
facilitate erection and should be flush riveted and painted where 
shown. 


Eating, 

BoILEB STBUOTXTBAIi STEELWORK 

Tons, 

100,000 lb. steam i)er hour 

. 90 

200,000 

ft ft Sf ft • 

. 165 

300,000 

ft »»»»»> 

. 225 

500,000 

ft »>>>>» • 

. 376 

Rating. 

Turbo -Alternator Steelwork 

Tons. 

20 MW 

. 

. 26 

30 „ 

. 

30 

60 „ 

. 

60 

60 „ 

. 

65 


These are average figures. 


Piles and Piling. Piles for use on power station sites are usually 
one of four classes, namely : — 

(1) Reinforced concrete piles. 

(2) Wood piles. 

(3) Reinforced concrete pressure piles. (4) Steel piles. 


In view of the difficulties experienced in excavation and pumping 
and the number of foundations required, it may be justifiable to 
use piles in place of mass concrete blocks. Pile-driving formulas 
vary for almost all sites, but the Sanders formula has given satis- 
factory results and is : — 


L = 


WH , 
where 
8d 


L . 

H . 
W . 
d . 


safe load in tons. 

drop of h€unmer in inches, 
weight of hammer in tons, 
sot of tho pile for the last blow in inches. 


Where the groiuid consists of very soft and unstable material for 
a considerable depth or where mxstable small mass foundations 
are necessary, it may be safer to use a number of raking piles. 
These help to stabilise the foundations laterally >and are often used 
under such conditions. Raking piles are usually unnecessary when 
the buildings are constructed on a heavily reinforced raft of great 
stability. 

The supporting value of a pile is due to the friction on the 
embedded surface of the pile and the direct pressure at the toe. 

If all piles in a group are driven to equal set and the embedded 
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lengths do not vary much, then it is reasonable to assume they are 
all equally resistant. 



/ * 

4 ■ /io/A 

Zo/vc/ri/o/A/AL Poos 



S^cz/o/v 


//V ISA/CWS i/p TO SO S' 7- 


Fia, 33. Reinforced CJoncreto Pile DotailH. 


^Reinforced Concrete Piles. Precast concrete piles are often 
favoured because of their general superiority in both safety and 
economy together with their proved reliability over many years. 
They are very simple in construction and are not subject to patents 
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(jr loyaltiew. The })iles are iioriiialJy driven within a week ur so of 
their pouring, but by tlie use of special cements they can be driven 
within probably a day alter poui’ing. The foundation is almost 
ready for full loading immediately and the piles are not damaged by 
driving other piles alongside. The piles can be driven to a batter or 
rake when required to take horizontal thrusts. Precast piles may 
consist of four or six rods in. diameter, with J in. links the pitcli 

which ranges from IJ-in. centres at shoe and cap to 6 -in. centres 
at the middle. The usual cover is 2 in. of concrete, Pig. 33. 

The piles may be of square or round section, probably 14 in. 
square or 18 in. diameter, and ranging in length from 20 ft. to 50ft., 
the mixes varying according to the working conditions. An average 
of fifteen piles have been driven per frame per day. 

On one site reinforced concrete piles 10 in. square and in lengths 
of 16 ft. and 20 ft. were designed for a safe load of 25 tons each 
and using a 1-ton hammer dropping 3 ft. the piles were to be driven 
to a set of 8 blows per inch, but in some cases 10 to 12 blows per inch 
were recorded. The set over the last 8 blows varied from J in. to 
I in., or an average of in. per blow. A number of the piles were 
raked and had a slope of 1 in 40. The concrete was stripped from 
the piles down to underside of pile caps and reinforcement left 
projecting 2 ft. and a 2-in, layer of 1 : 3 : 6 mix concrete was placed 
over the bottom of the holes before the boiler foundation bases were 
cast. 

With sets totalling | in. to If in. for the last three blows (14-in. 
sq. piles), the formula used on one site gave a safe load of from 
60 to 40 tons." The average sot over the last three blows was about 
1 in. or J in. per blow% which gave a value of about 48 tons per 
pile, no pile being loaded to more than 30 tons. Single-acting 
pile-drivers of 60 and 70 cwt. in frames 60 to 65 ft. higli were used 
ibr driving the piles. 'J’ypical tests on reinforced concrete piles are 
given : — 


Sizti 

JxMigth 

Toe level 

Haiimier 

weight 

Drop 

Set per bloM' 

Ultiumte 

rct^istaiiee 


ft. 


t<mn 

ft. 

In. 

tons 

14 in. sq. 

45 1 

- 44-2 O.D. 

4 

4'5 

0 5 

1030 

16 M „ 

50 

~ ;56-5 „ 

4 

4-5 

01 

147-0 

16 „ „ 

00 

55-4 „ 

4 

4-5 

0-2 

144-9 


Wood Piles. Are used for light foundations such as those 
required for the stores, workshops and transformers, and are usually 
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of Oregon pine or pitch pine, the latter being creosoted under a 
pressure of 80 p.s.i. for 8 hours with not less than SJ lb. of creosote 
per cubic foot of timber. 

They are of square section, usually 12 in., ranging in lengths 

S 
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from 20 ft. to 40 ft. A 30-cwt. single-acting steam or compressed 
air driver may be used for driving these piles and final sets of 
from J in. to If in. total for the last three blows, with an average of 
f in., are usually acceptable. The calculated safe load is from 12 to 
40 tons with an average of about 26 tons each. 
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Pressure Piles. Where piles have to be driven for new founda- 
tions adjoining existing buildings the vibration set up may endanger 
the buildings, and to overcome this reinforced concrete pressure piles 
may be used. With this system of piling a driver is not required. 
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The pile used is of the bored in-situ type and 17 in. diameter by 16 ft. 
long units have 0 steel rods, J in. diameter, with J in. diameter steel 
wire wound spirally around these rods at 5 in. pitch. Concrete is 
placed under air pressure and the driving tubes are withdrawn at the 
same time. Piles of 12 in. diameter having six rods 1 in. diameter 
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witli J in. diameter Jielicals at 3 in. pitch and up to 45 ft. in length are 
frequently used. A liole is bored in the ground to the required depth 
and lined with a steel casing. The skeleton pile is formed by 
tlireading a series of short precast perforated concrete discs on to a 
central steel tube each disc being bedded on to the one below with a 
rich mixture of cement grout. Longitudinal reinforcing bars are 
introduced through holes in the discs and the skeleton pile is lowered 
gradually into the casing. When the full depth is reached the 
casing is gradually withdrawn, grout is forced under pressure 
through the central tube and subsoil water is expelled by the grout. 



Fju. 'My. Uilo ujidor To.st. Load. 


In this way all voids are filled and the precast units becsonio a sold pile 
surrounded with a Ihiclt', covering of gj’out. The ‘‘ Vibro ” type 
piles have been used for buildings, turbo -alternators and high voltage 
substation foundations. Such piles arc specially suited to carry 
heavy loads and a pile ol' 17 in. diam(d.er will carry a load of 50 tons. 
A steel tube easing fitted with a detachable point is driven to the 
required depth and the steel reinforcement is placed in 2)Ositioii ready 
for introduction of the concrete. As tlic steel tube is slowly with- 
drawn by a series of upward percussive blows, a cavity is left into 
which the concrete flows. In this way a reinforced concrete column 
is formed. 
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Figs. 34-37 show pile test data, test loading and deflection 
indicator. 

Steel Piles are geJierally used during tlie eonstriietioii period in 
the form of H sections for sheet steel piling and are usually of a 



Kia. 1^7. T*ilo Deflortion IncilK iilor. 


temporary nature altliough they have been used on liard foundations 
at some considerable depth. Buildings have been supported on 
steel H piles, 10 in. X 42 lb. sections, driven 50 ft. below ground 
level. They are particularly suitable for hard driving conditions 
where there is a hard slag filling near the surface and probably a 
layer of gravel immediately above rock. 
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Pre-stressed Concrete. The new field offered by the application 
of pre-stressed construction, in which the reinforcement is stressed 
by a permanent and carefully regulated tensile load prior to the 
application of the working load, will produce economies by utilising 
high-tensile steel wire reinforcement and will further reduce cross- 
sectional area and weight. The aim is to relieve the concrete of all 
tensile stresses and to eliminate crac^ks through which air can 
penetrate to the reinforcement and so cause deterioration of the 
steel. Cracks, so common in reinforced concrete, are avoided 
because ]>re-stressing substitutes a degree of decompression when 
loadings apply in tension. 


BUILDINGS 

The buildings required for an electric power station and its 
operation arc : — 

(1) Turbine house. 

(2) Boiler house. 

(3) Switch house. 

(4) Pump house. 

(5) Work si 10 ps and stores. 

(6) Otiiccs and rnessr corns. 

(7) Laboratory. 

(8) Garage and cycle park. 

General Arrangement. The arrangement of these buildings will 
primarily depend upon the site available and the anticipated 
ultimate output of the station. It appears that the most economical 
layout would be obtained by having the boiler, turbine and switch 
bouses all adjoining cadi other for in this w'^ay high pressure steam 
and feed pipe lines and cables arc kept as short as possible. 

A ])opular layout for river stations is the placing of the boiler 
house between the pump house and the turbine house, the inter- 
vening space being used as a coal store. 

There seems to be no iVason w hy the boiler house and turbine 
liouwse should not adjoin, but to minimise the risk of fire it is 
preferable to house the switchgear in an entirely separate building. 
The pump house is usually placed near the i*ivcr, but in s(^me stations 
large water culverts are brought close up to the turbine house and 
the pumps occupy a bay in this building. With cooling tower 
stations the latter arrangement of pumps is also quite common. 
Although the workshops, stores and offices should be kept quite 
separate from the main buildings, they should not be placed too far 
away. Offices and outdoor swdtohing and transforming stations 
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should be kept away from cooling towers and if possible be situated 
on the side of the prevailing wind. In some cases it may be advan- 
tageous to have the workshop so placed that direct access is possible 



from the turbine house ioadijig bay, as this facilitates handling of 
plant under repair. 

By adopting this layout fire risks are obviated and an inde- 
pendent structure (not necessarily so substaiilially built as the main 
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huiiduigH) <‘,au l)C used. Apart ii‘om tlie Jiiain buildings there is the 
planning of subsidiaiy buildings which add to the efficiency anti 
welfare of tlie einployecs. Where the offices adjoin the main 
buildings it may be necessary to have the time office some distance 
away from the station, when it can alst) serve as a gate-iiouse. 

If possible, the stores should adjoin the workshops, and pro- 
vision be made for easy access from either the main road entrance 
or the sidings. 

The administration offices should be located in a position having 
ready access to the turbine and boiler houses, control room, clerical 



and records offices. The office block, laboratory, storerooms and 
workshop may be housed in a bay immediately above the feed pmnp 
bay between tlie boiler and turbine houses. 

The station auxiliary switchgear and tjansformers c^an be 
accommodated between the boiler and turbine houses, but a groat 
deal will depend on the site available and the capacity of the station. 
The buildings can be arranged in many ways and when deciding 
upon their positions the following should be considered : — 

(1) Ease and completeness of erection of buildings. 

(2) Ease of extension of buildings. 

(3) Facilities for transport of plant tt) aii<l from their respective Vjuildings. 
This applies jiarticularly to the transport of eciuipmcnt from the stores tej tlie 
workshop and from both to the main buildings. 

(4) Where possible the switch liouses should run parallel to the longi- 
tudinal axis of the turbine house and to ensure economy in cabling the switch- 
gear should be placed as close as possible to the generating ])lant, consideration 




Fig. 42. Layout of Riverside Station. 
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at the same time being given to the space required for extension to either or 
both. In large capacity stations where the number of feeders is considerably 
greater than the numW of generators, the tendency is to erect separate 
feeder switch houses. This segregates the switchgear and minimises dis- 
location of services due to tii’e or damage from enemy aircraft. 

(5) The positions should be chosen so as to assist in the efficient operation 
of the station as a complete imit. The trend in power station design is towards 
a complete unit system, but in all cases a high degree of flexibility is absolutely 
essential. In the construction of a new station adequate road and rail access 
should bo provided and wherever possible the designs should incorporate 



items of plant which will not only prove useful for the normal operation of the 
station, but more so during the construction period, niese will enable con- 
siderable economy to be effected in tlie cost of constructing the buildings 
(hie to a great saving of time. 

(6) The direction of the prevailing wind may also be worth some considei a- 
tion, especially when reviewing possible layouts of cooling towers and more 
particularly the coal and ash -handling plants. 

(7) The station datum-line has to bo fixed and this in turn depends on site 
conditions. Levels of spring and ebb tides, also flood levels, all require 
careful attention . 

Pigs. 38 to 44 indicate possible layouts. To obtain some idea of 
the arrangement of buildings it is an advantage to construct a small 
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wood model ol the Bite and buildings say, to a scale of 1 in. =- 32 ft., 
as shown in Fig. 45. 

Type of Building. The foundations and superstructure of all 
buildings arc designed in accordance with the local building Acts, 
and in some cases these requirements have involved considerable 
additional expenditure. 

Materials to be employed in the construction of the buildings 
should be such that an economical and substantial structure is 
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Fic. 44. Lnyouf of 2()0-MW Kivorsido Stat ion. 


obtained. I'lic buildings should comply in all respects Avith tlie 
Factory and Workshops Acts. The primary function of the buildings 
is to hous(^ the generating plant as cheaply as possible. In some 
stations attempts liaAT. been made to provide pleasing architectural 
features Avhich have resulted in greater capital expenditure and in no 
way enhanced the reliability of sujqdy or reduced the running costs. 
However, it is usually well worth while if the structural expression 
of a power station is de^veloped in sympathy with the plant it pro- 
tects although it may entail increased capital cost. Considerable 
expenditure is sometimes necessary on architectural features such as 
stone facings or ornamental stone and moulded work to make the 
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•structure harnuuiise with the surrounding building,s and thus not 
detract from the anKuiities of the disiriot in wind) it. is built. Powder 
stations have been referred to as cathedrals of tlie electrons/' and 
from the accompanying illustrations it will be agreed that many of 
them fully deserve this title. 

The materials most commonly used are brick, concrete, protected 
metal sheeting and patent glazing with wire-woven glass. 

A simple straightforw^ard treatment of the elevations is probably 
the most appropriate expression of the purpose of the building. A 
pleasing texture and colour of an exterior surface of conci’ete may be 
produced by painting red granite aggregate on the facing with special 



Fk;. 45. Power Statioii Model. 


chemicals, altlumgh care is required in this direction if good lesults 
are to be obtained. 

A system of repeatable bays based on the plant unit, with 
glazing between stanchions, is economic, iunctional, provides 
excellent light and is readily extendable. A steel frame lends itself 
to this rather better than does a concrete one although examples of 
the latter are to be found. 

Some of the existing older stations which are now undergoing 
modernisation are of substantial brick constitute tion. For example, 
in two such stations the turbine-house walls are 3 t‘t. thick and will 
take a crane capable of lifting a load of approximately 75 tons, i.e., 
the stator of a 30-MW set. If the existing walls are unsuitable for the 
loads imposed on them by the crane when fully loaded it will bo 
necessary to erect a crane gantry carried on independent steel 
stanchions. 
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In general, it will be found that panelled brickwork relieved with 
stone courses and having adequate glazing to provide good natural 
lighting is the type most frequently adopted. Considerable use has 
also been made of hollow walling, especially for plinths and piers, 
and in this way a massive appearance has been achieved without 
undue expense. 

The idea of massiveness and power has been incorporated into 
the building walla by the use of simple lines indicative of height 
and power. Such treatment is considered a good investment in 
view of the public goodwill created. 

Reinforced concrete has been used and is quite satisfactory both 
as a structure and from .the point of view of cost but care is needed 
if decorative features are to be included. Reinforced concrete has 
been used for turbine and boiler-house buildings and in one station 
the ferro-concrote structure is mounted on piles and forms a mono- 
lithic support for each building and each turbo-alternator. In the 
boiler house this structure extends upwards to the firing floor level 
21 ft. above the basement, the superstructure being of stool, enclosed 
by brick panels with terra-cotta facings. 

Reinforced concrete construction with brick cladding is also 
suitable. 

Care is needed in the early stages of superstructure design if 
reinforced concrete is used in place of steel structures. Providing 
the work is properly planned and designed, such a construction should 
be as rapid as structural steel. The main concrete superstructure, 
including the crane rails, should be completed before the turbo- 
alternator foundation blocks arc commenced just as in a structural 
steel tmbine house. Precast reinforced concrete has also been used 
for the main members of buildings, and it is claimed to have con- 
siderable structural and financial advantages. The weight of 
reinforcement steel is only about one- third that of the steelwork 
normally required and, being precast, a saving is made in shuttering 
and formwork. More accurate and higher-grade concrete and im- 
proved finish are obtained compared with cast in situ methods. 
Each member is erected and trued into position and the in-situ 
concrete floors are poured, running in at all points and connections, 
picking up reinforcing bars left protruding from the members. This 
makes the beams, columns and floors into a monolithic structure. 

Protected metal sheeting is still employed for certain sections of 
the buildings, such as conveyor galleries and some portions of the 
boiler house. 

Patent glazing with wire-woven glass has the advantages of being 



CIVIL ENGINEERING WORKS AND BUILDINGS 79 


a very light construction, cheaper, quicker in erection, and provides 
excellent natural lighting. A steel-fhime building covered with 
an insulated metal “ sandwich ” consisting of galvanised corrugated 
steel sheets attached to the girts, a centre layer of f in. gypsum 
board coated with heat-reflecting aluminium foil, and a weather- 
resisting outer facing of asbestos and asphalt-protected metal 
makes quite an economical covering. The corrugations (If in deep 
and 6 in. wide) give architectural character and are able to give 
effect to the size of building. Asbestos and asphalt-protected 
sheets faced on the exposed underside with an aluminium finish 
and topped with a layer of fibreboard insulation carrying a built-up 
asphalt covering, makes a suitable roof. Many of the American 
stations are substantially constructed with outer walls of brick and 
stone and the majority are handsome buildings having ornate facias. 
The amount of structural steelwork used depends upon the types of 
buildings adopted ; the following are representative of three 
stations : — 

190 MW station (designed to L.C.C. regulations) . . 21,000 tons 


60 ,, station ........ 7,000 

f turbine house 2,100 (4-60 MW sets) 

200 „ station*^ stoker-fired boiler house 1,600 (8 boilers) 


pulverised fuel boiler house 1,800 (8 boilers) 


Total 6.600 tons 


Data relating to four recent stations are given : 


Installed Capacity 
(MW) 

Civil KnKiiieeriug Sled 
(Ton^) 

Structural Steel 
(Touh) 

100 

3,600 

4,600 

160 

8,900 

6,700 

260 

8,000 

6,300 

*120 

1,000 



2,200 


♦ Cooling tower station. 

A comparison of the various t 3 rpes of construction is given in Table 6. 

Much thought has been given to the possibility of attack by 
enemy aircraft, and in this respect precautions should be taken to 
deal with blast and splinters from bombs bursting in the vicinity. A 
solid brick or reinforced concrete wall of suitable thickness is the most 
satisfactory form of construction, and sub-division of buildings 
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Table 6. Materials and Relative Costs 


Type of Conatruction 

Relative Cost (Approx.) 

Brick ......... 

10 

Brick witli steel fiamcwoik . 

0-8-1-2 

Steel framework with protected metal sheeting 

Steel framework eoA^eroil with patent glazing and wire- 

0-8 

woven glass ........ 

0-7-0-8 

Reinforced concrete ....... 

0-78-0-8 


minimises dislocation of ]3lant. I’he windows should be small and 
placed high in tlie Avails. 

Wliore tlic power station is in a seismic area steel-framed struc- 
tures are satisfactory, b\it it is deemed desirable to allow for 
horizontal loads likely to be caused by earth tremors. 

A flat roof has many advantages over the pitched roof for it is 
easy to construct in fireproof materials, gutters are unnecessary, 
and it affords good access for (^leaning, etc. 

Buildings should be efficiently ventilated and ])ro vision made 
to prevent (H>ndonsatio]i, drift rain and snow from the roofs falling 
oji the generating plant- and switchgear. The roofs, guttering and 
downpipcs sliould be designed to handle rainfall at a reasonable 
rate. Guttering round external tacos may bo provided with hand- 
rails to serve as a walkway to facilitate cleaning. The following 
should ahvays bo kept in mind : — 

(1) Buildings should not bo damaged or adversely affected by climatic 
conditions, flood or fire. 

(2) Manitenanco (repairs, painting, cleaning, etc.) should be a minimum. 

(3) Extensions should bo j>ossible without affecting the existing plant. 

(4) Buildings should ho of adoc|uat<‘ jiroportions bearing in mind the 
cosi of land, foundat ions and si riu'tiiros. 

Turbine House. Tlie turbine house at^commodates the turbo- 
alternators and associated condensing and auxiliary plant together 
with cranes and lifts. It should be constructed to provide for a 
future generating unit until the ultimate capacity is reached. 

There arc txAX) principal layouts although variations are to be 
found. l"he machines ma}^ be arranged at right angles to the 
longitudinal axis of the turbine liousc or parallel thereto. The 
former is perhaps better suited to the sliort type of macliine than the 
long multi-cyclinder machine, unless thes(' are of the (Toss-taridein 
types on two separate shafts jilaeed side by side. There is a trend 
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towards turbines comprising high and low pressure machines on 
separate shafts. The of the depth basement is reduced if the 
cylinder cross-over pipes are taken overhead. The condensing 
plant is fixed in relation to the cooling water system and wherever 
possible full advantage should bo taken to save pumping power. 

One popular layout is to divide the width into two parts, a main 
span for the turbo-alternators and a secondary span for the boiler 
feed pumps, heaters and evaporators. At least one overhead crane 




Fig. 46. Overall Dimensions of 3,000 r.p.m. Turbo -Alternators. 
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is necessary to handle the plant durmg construction and main- 
tenance. In some stations a small crane has been provided above 
the larger crane and is very useful during the first stages of con- 
struction and also when maintenance and construction are being 
carried out simultaneously. The largest and heaviest single item 
of plant to be handled is the alternator stator, and the following 
particulars are essential for erection purposes 

(1) Details of crane hooks. 

(2) Maxiniiim heif?ht available the inside uf the rraiio hook above the 
turbine operating floor. 

(3) Limits of cross traverse of the crane liooks measured from the turbine 
Jiouso walls. 

(4) Height and location of any })lant on the turbine operating floor along 
the path to be taken by any stator. 
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(6) Removal space required for withdrawal of eleotrioal rotor and 
ooudonser tubes. 

Fig. 40 gives overall dimeiiBions of typical sets. Particulars of 
cranes are given in Table 7. 


Table 7. Turbine House Cranes 


station 

Largcat 

Set 

Turbine 

House 

Feed Pump 
Bay 

Remarks 

(MW) 

1 

Larizc C'rano 
(Tons) 

Small Crane 
(Tons) 

Crane 
(Tons) 1 

Dunston 

50 

120 

26 

12 

Small crane above 

Barking 

75 

175 

30 

12 

large crane, 
do. 

Battonsea 

1 05 

160 

25 

15 

Small crane on 

I<'iilham 

00 

125 



same rails. 

Derby . 

30 

76 





. - 

Blac kbuni Meadows 

60 

100 



10 



(SbolTield). 

Swansea 

30 

150 


15 


Bradford 

30 

100 

30 


— 


The architectural details in some cases have been given con- 
siderable thought and indeed some very fine features have been 
incorporated in a number of modem stations, but the decoration 
sliould be entirely simple and justify its adoption. In a number 
of old stations white glazed bricks (up to crane level), were fre- 
quently used, and gave a very pleasing appearance. An advantage 
in this case is lliat painting is not required, only a periodical 
wash-down being necessary. Various colours of tiles and salt- 
glazed bricks for interiors are to be found in practice. The noise in 
the turbine house may be reduced by including rubber dados on the 
walls and an acoustic ceiling to the underside of the auxiliary bay 
floor. Ample natural lighting may be obtained by including large 
vertical windows in the gables and side walls or by roof lighting. The 
opening and closing of the windows can be arranged for mechanical 
and electrical remote control. In some cases, the side walls and also 
the gables are constructed of almost all patent glazing (with wire- 
woven glass), except for a plinth wall of brickwork to a height of 
15 ft. to 20 ft. This construction provides ample natural lighting, but 
problems of ventilation and cooling have to be faced. Further, the 
question of protection against blast and splinters from bombs burst- 
ing nearby must not bo lost sight of. A very hot sun beating on such 
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vast expanses of glass causes a large rise in temperature, and means 
of ensuring a correct working temperature are necessary. 



Walls and roof may be constructyed to embody natural and 
mechanical ventilators of the louvred and extractor-fan types. A 
cross-draught system of mechanical ventilation by which air entering 
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by way of largo louxTos in l li« t urbine tiouMO wall is drawn across tJio 
building is also iisod. N’arions inotliods of roof const ruol ion are in 



use, but the flat roof and apex roof or a combination of both are the 
ones commonly adopted. The apex-type calls for a light structural 
arrangement typical of workshops, a large proportion being glazed 
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tt» provide natural lighting, the remaining portions being either 
slated or covered with protected metal sheeting. The flat roof is of 
reinforced concrete with a layer of asphalt, and roof lights may be 


Fig. 49. 
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provided over the tank bay where side-wall lighting cannot be 
obtained. Wire-woven glass should always be used. 

Roof lights invariably give trouble after installation and in 


Fig. 
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the early stages may hold up construction, so they are not popular. 
Condensation on the underside of roofs has to be guarded against, 
and special forms of roof with insulating properties have been used. 
Roofs of ferro-concrete supported on steel tnisses and covered with 
a layer of heat-insulating material and waterproofed bj’' asphalt are 
quite common. 

The patent construction consisting of hollow steel beams 18 in. 
wide and equal in length to the span between roof beams is also 
in use. The beams are erected with the precast concrete covered 
side downwards. An area of roof is covered with prepared beams 



after which high-tensile steel fabric is spread over the area, con- 
crete then being poured to a thickness of 1 in. above the crown of 
the steel beam. The roof is finished off with in. insulating board 
and patent seven-ply felt in bitumen and, to provide a wearing sur- 
face for walking, gravel is spread over the roof whilst the bitumen 
is still soft and rolled in. Condensation troubles have not been 
experienced and this type of roof facilitates fapid construction as 
shuttering is unnecessary and much handling time is saved. One in. 
thick insulating board has also been laid between the concrete surface 
and the asphalt to prevent condensation. 

Trouble has been experienced due to the movement of the 
asphalt in hot weather causing splitting and consequent leakage. 
To reduce noise in the turbine house |-in. thick sound insulating 
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jiiaterial him been aijplied to the xiudersido of the euucrete roof. 
The main operathig floor is generally supported partly on tlie build- 
ing columns or walls and partly on the turbo -alternatoj* foundations. 
AVhere tiirbo-alteinators having different running speeds are housed 
in the same building, it has been considered necessary to keep the 
operating floor entirely separate from the foundation blocks to 
prevent any possibility of vibration being set up. The floor is sup- 
ported partly on the building columns and partly on stanchions near 



the macliiiie foundations.' The operating floor should be arranged 
to give reasonable access around the turbo-alternators with a well- 
opening adjacent to each set to give natural lighting to the base- 
ment and allow operators a clear view of the condensing plant. 
The foundation blocks cannot be made to line up exactly with the 
turbo -alternator and it is usual to cut the surrounding floor plates 
to suit. The construction of the floor is of flat or arch-slabs, about 
6 in. thick with 2 in. for tile finish. The tiles used on this fioor 
should not be less than 12 in. square and about 2 in. thick for it is 
found that small light tiles will not stay put. This is probably due 
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to the combined eifects of repeated expfuision, contraction and 


vibration. Ten-inch and 12-in. 
square precast terrazzo tiles have 
proved satisfactory and make a 
pleasing feature. 

The following mixture makes 
quite a good finish, usually about 
2 in. thick, providing a rubbing 
stone is applied just after initial 
setting : — 

Felspar chippings . . 30 

Cement . . .10 

Red oxide ... 1 

(Lamp black is used if a grey 
finish is desired.) 

This mixture is also suitable for 
finishing off plinths. 

The feed pump bay usually 
follows that adopted for the 
main bay, although open steel 
grid flooring has been used to aid 
lighting of the basement. The 
flooring immediately around the 
turbo-set may bo of alternatively 
mild steel chequer-plates or opeii- 
grid type. If an electrical anfiexe 
or intermediate floor for the auxi- 
liary switchgear is provided the 
flat- slab construction is preferable 
owing to the large number of cable 
holes and slots to be provided, for 
it is a difficult job to cut lioles 
in curved corrugated sheets. The 
tank-bay floor should be of (;on- 
crete since with open-type flooring 
condensation takes place on the 
underside of the tanks and becomes 
a nuisance. A 6-in. floor with 
2-in. granolithic finish is suitable. 
The basement floor slab is carried 



on th(^ building and machine foundations, the thickness varying 


Fig. 53. 
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throughout the basement to suit requirements. The floor may be 
finished with 2-in. granolithic tiles or special serrated hard bricks. 
Here again the tiles should be at least 9 in. square, but preferably 
12 in . Provision should be made in this floor for pipe trenches, gullies 
and cable pipes, the latter being put in much in excess of the origmal 
requirements. 

The floor should fall from the outside walls to a drainage channel 



Fig. 54. Goneml View of Battersea Turbine House. Two 64,000 kW., 
1,500 r.p.m. three-cylinder turbo-alternators with 5,000 kW. house 
service alternators. (British Thomson -Houston Co. Ltd. and Metro- 
liolitan Vickers Ltd.) 


and run the entire length of the turbine house on tlie centre line 
of the turbo-alternators. This channel is required to carry away 
the water from the condensers when they are water tested and opened 
for tube cleaning. Where this is not convenient the channel may be 
arranged to serve a pair of turbo-alternators and then be led direct to 
a circulating water culvert. All pipe trenches and drainage channels 
may be covered with mild-steel chequer plates. The turbine house 
should have at least one loading bay, but preferably one at each end. 
A standard -gauge railway track, and if jiossible a roadway, should be 
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taken into each bay. An electrically operated roller shutter of 
adequate size should be provided. A rail siding can be arranged to 
run the entire length of the turbine house and then direct into the 
workshop. A working platform at operating floor level can be 
placed over the siding opening when overhauls have to be carried out. 

The loading bay floor may be granolithic or finished with creo- 
soted wood blocks. It also serves as an ideal place for turning over 
the turbine cylinder covers for maintenance and repair. A special 



Fig. ii/i. General View of Dunston “ Jl ” Turbine HouRe. Four .'50,000 kW,, 
1,600 r.p.m. turbo-alternators. (C. A. Parsons & (b. Ltd.) 


lifting beam is sometimes provided over the bay to facilitate main- 
tenance on the overhead cranes. 

The design of the handrailing around the light wells and that 
used on stairways should be chosen with care, for although this is only 
a very small point it can materially assist ip giving a pleasing 
appearance. A good layout can be spoilt by unsightly handrailing, 
and a design wliich is substantial, neat and without frills is all that 
is required. The slope of stairways is deserving of care, and usually 
an angle of 40° to the horizontal is suitable. 

Ample provision should always he made for the inclusion of pipes, 
trenches and basements to cater for the large number of cables. 
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Th(s ineaTis of access for window cleaning should he taken into 
consideration and may involve some spe^^ial provision. 

In some stations of about 100 MW capacity th(^ turbine liouse 
roofs have been constructed in removable sections which can be 
lifted off by a long-travel (loliath crane. This crane is also used 
for the handling of the plant and considerable saving is effected in 
the building construction. 

Boiler House. This consists of a number of sections super- 
imposed above each other. First there is the ash basement at 
ground level whicli, in addition to accommodating the ash hoppers 
and ash and flue dust handling plants, may in some cases house the 
mechanical draught plant and steam receivers. Immediately 
above the basement is the firing floor at which level the combustion 
chamber and the boilers are carried. If pulverized fuel boilers are 
installed then jirecipitatois will be re(piired and can be placed 
between boilers, or alternatively, at the rear of each boiler. Th(' 
chimrujys and mechanical draught plants can be placed on the 
filing floor or on a se})aratc floor above the boilers. As with tlie 
turbine house space should be allocated for the reception of additional 
plant in the early const ruction period by including an extension to the 
shell of the building. The mgCterial and architectural features follow 
as far as possible those of the turbine house. The boiler house is 
arranged to house the steam -generating units and associated auxili- 
ary plant together with tJie coal bunkers for storing a limited amount 
of coal in case of breakdown or stoppage of the coal-handling plant. 
The inclusion of coal-storing bunkers matei ially affects the design of 
the boiler house, but the steam -generating units may be so arranged 
that the bunkers serve two rows and keep the ground area required 
to a minimum. The boiler chimneys sometinies form part of the 
structure and this in turn may affect the building features. 

A point of importance is the fluctuation in temperature which 
causes considerable variation in the length of the boiler house. 
In a steel frame buildihg, expansion joints should be provided 
between the boiler house and turbine house at roof and tank bay 
floor levels to prevent thrusts of unknown magnitude being trans- 
mitted to the turbine-house steelwork. 

Ample natural lighting is desirable, and this may be obtained 
by side wall and roof windows. An improvement is effected by 
providing good reflecting surfaces by the use of light paints — for 
example— the bunkers, boiler casings and auxiliaries may be treated 
with aluminium paint. 

Ventilation is very important, and much depends on the position 
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of the draught plant. Adjustable louvred openings may be provided 
in the basement walls together with large areas of open-grid steel 
flooring round the boilers at firing floor level. Where the forced 
draught plant is placed in the basement adequate provision of air 
inlets at firing floor level is essential since most of the fresh air will be 
drawn direct to the fans. Windows should not be fitted with venti- 
lators or shutters too high above firing floor level, otherwise there 
will be stagnation of hot air behind the boilers. The fans sometimes 
draw air from the top of the boiler house, which is generally the 
hottest part of the building, frequently reaching 140® F. to 150® P. 
In this way about one-half of the heat which would othervHsc be lost 
by radiation from the boiler is returned to the unit, giving an increase 
in the overall eiiiciency of approaching 1 per cent. Various forms of 
roof construction are used, each incorporating special features for 
the purpose of assisting natural ventilation. The success of these 
depends largely on the direction and velocity of the wind and may 
even produce a down-draught of heated air in the boiler house. The 
ingress of rain should be prevented but in so doing the exit of hot air 
should not be impaired. Normally the basement is reasonably free 
from dust, but should the ash-handling plant fail, man-handling of 
the ashes may have to be resorted to, resulting in a dust-laden 
atmosphere. This is undesirable in any case, but more so where the 
draught plant and auxiliary switchgear are housed in the basement. 
To overcome this the ash-hofipers and handling j)lant in the base- 
ment may be separated by building walls and scaling them off from 
the remainder of the plant. The necessary trenches ft)r the ash plant 
should be allowed for in the earl}^ constructional period. 

Some means of removing the ashes from the basement in cases of 
emergency or breakdown should always be provided. This may be 
catered for by running a standard-gauge railway track into the base- 
ment or alternatively installing ash trucks or bogies which can be 
man -handled alongside the ash-hoppers. 

If a standard track is to be made use of it is advisable to put it 
into position at an early date as this will facilitate the erection of 
tiie boiler plant. 

In stoker-fired installations the firing floor may be tiled or bricked 
or a combination of both. Two-inch blue brick laid in sand and 
jointed in cement has been used and tiles should be from 9 in. to 
12 in. square. Firing and basement floors of 2-in. granolitliic have 
also been adopted. To prevent dust formation, concrete floors 
may bo brushed to remove all loose particles, the surface then being 
treated with a mixture of boiled linseed oil and petrol and the process 
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repeated until a good glossy surface is obtained. An alternative 
is the periodical application of a silicate solution. Pulverised-fuel 
installations require only a very small area of solid flooring and in 
most cases open-grid steel flooring serves all purposes. 

The coal conveyors are arranged to run above the coal bunkers, 
and to prevent the spread of coal dust to the remainder of the 
boiler house the conveyors are housed in a separate gallery. 

The bunkers may be completely covered, except for slots through 
which the conveyor trippers discharge, or left open and surrounded 
by handrails. The slots may be covered with a rubber sealing belt 
which is carried up and round the distributor spouts and affords 
a seal at any position of the distributor. During coaling operations 
air may be constantly exhausted from the bunkers and discharged 
through a cyclone separator to ensure there is no outward escape 
of dust-laden air through apertures. The construction of the 
gallery will follow the lines of the boiler house and ample natural 
lighting and ventilation can be ])rovided by the inclusion of windows 
or vents of the fixed and opening types. 

Storage bunkers are stand-by to coal conveyors and in some 
cases other handling plant, but the conveyors are so reliable that one 
station has no bunker whilst another has compromised and provided 
bunkers which only cover three hours^ full-load supply compared 
with the more usual twenty-four hours. 

The bunkers are a principal factor in boiler house design for 
they are costly, require a great deal of steel and heavy founda- 
tions and deprive the firing (operating) floor of natural lighting. 
The bunkers are usually of the hopper type and may be of steel 
plate or reinforced concrete construction, the former being the 
most popular since it is lighter and generally cheaper. A further 
disadvantjige is that trouble is experienced due to perishing of the 
concrete at the bunker outlets, probably caused by wet coal being 
held for fairly long periods. If reinforced concrete is used it is 
desirable to fit easily renewable cast-iron mouthpieces. As a* pro- 
tection to such bunkers 10 in. by 5 in. paver ” blue bricks have been 
used as a liner. Some methods used are given in Table 8, which 
apply to raw coal bunkers. Parabolic bunkers have been used and 
for a given space will give greater storage cajiacity than hopper t 5 T)es, 
but are expensive and “ hanging-up ” is more likely. A patent 
bunker employs the catenary principle of construction, the load 
being carried by a series of steel bands suspended from both ends but 
not exposed to the coal. Cast-iron plates of handable size form the 
sides and bottom of the bunker and withstand sulphur attacks. A 
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Table 8. Goal Bv/nktr Data 


StAtion 

Type of 
Bunker 
(Slope to 
HoriKontal) 

Lining 

Capacity (Tone) 

No. of Boilers 
Served and 
M.C.R. 
Output 

Duneton “B ” 
(SF). 

Steelplate 

63°. 

41-in. brick work in 
cement mortar.- 

2,000 total, 4 biuikers, 
each 44 X 34 X 25 ft. 
deep (test bunker, 
160 tons). 

8-166,000 

DuMlon “B" 
(PF). 

Steelplate 

70“. 

do. ! 

2,400 total, 4 bunkers, 
each 44 X 34 X 37 ft. 
deep. 

8-156,000 

Battersea (SF). 

Steelplate 

63®. 

2 - in. concrete 
applied by cement 
gun and reinforced. 

Each 42 X 26 X 63 ft. 
deep, 700 tons each, 
9 bunkers. 

4-312,000 

Blackburn 
Meadows 
“ B (SF). 

Steelplate 

3-in. grano concrete 
with reinforce- 
ment. 

1,600 total. 

6-187,500 

Bradford (SF) 

Steelplate 

2- in. gunite. 

1,040 total, 2 bunkers. 
Each bunker has 3 
compartments (160, 
200, 160 tons). 32 X 

1 8 ft. Centre serves 
as mixing compart- 
ment. 

4-180,000 

1 

Neepsend (SF) 

Steelplate 

3-in. concrete with 
reinforcement. 

1,600 total. 

6-187,500 

Fulham (SF) . 

Steelplate 

66®. 

3-in. gunite. 

3,200 total, 4 bunkers, 
44 X 24 X 40 ft. deep. 

8-260,000 

Derby (PF) . 

Steelplate 

60®. 

Unlined. 

1,040 total, 4 bunkers. 

4-130,000 

Dalmamock 

(SF). 

Welded 

Steelplate 

65®. 

2 -in. reinforced 
concrete. 

1,200 total, 6 bunkers. 

6-200,000 


test bunker is sometimes included to hold the coal used during boiler 
tests, the capacity of this bunker being small compared to the normal 
bunkers, varying from about 100 to 200 tons. 

The plate-thicknesses of bunkers vary according to the design 
and construction adopted, but are usually from | in. to J in., being 
stiffened as found necessary by joist sections. By making allowance 
for the friction of coal against bunker sides where these are deep 
and narrow, a reduction of pressure is justifiable due to the arching 
effect set up. 

It would appear that the steel plate construction with some form 
of lining is the best method. Various types of lining have been 
tried and care is always required in case dislodgment takes place 
resulting in choking of the outlet valves and shutting down of a 
boiler. Concrete lining applied by means of a cement-gun appears to 
be finding favour and should always have some form of reinforcing 
agent to guard against shrinkage and temperature stresses. 
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Rubber has also been tried for bunker linings and is resistant 
U) abrasion and eorrosion. The linings are usually moulded and 
fitted at the works, being applied in such a manner that they will 
not stretch ; round-headed bolts at intervals hold it in position. 

Some bunkers are divided into three compartments, tJie centre 
one being used for testing or mixing purposes. Such an arrangement 
is shown in Fig. 56. Another arrangement is to have two down 
spouts — one immediately behind the other — from which coal and 
coke are supplied to the grate in two layers, tlie coal being on top. 

The slope of the bunker sides should be such that free flowing of 
the coal is obtained and “ hanging-up obviated. Where wet and 




Fio. 66. Bunker AiTaiigement with Mixing Bunker euid \"alve8. 


very poor classes of coal are used such as that consisting chiefly of 
dust and duff fuel the slope should be as steep as possible, keeping in 
mind the reduction in storage capacity or increased height of building. 
For stoker-fired units a' maximum slope of 55° to the horizontal will 
usually serve all classes of coal likely to be handled. 

In pulverised fuel installations the raw coal bm^kers may 
have a slope varying from 50° to 70° to the horizontal. Bunkers 
may bo divided transversely by steel plate partitions of suitable 
thickness. Bmikers divided longitudinally and transversely keep 
apart different classes of coal and prevent spread of fire. A ladder 
or climbing irons should be included in each partition to give 
access from the conveyor galleries to the bottom of each bunker. 
Hanging chains may be placed in each bunker to enable anyone 
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accidentaEy falling in to grasp the chains and prevent themselves 
being drawn into the bunker bottom. 

To facilitate handling of fans, motors and other plant on top of 
the boiler house and give access thereto for maintenance and general 
inspection, a combined passenger and goods lift is essential. The 
lift should be arranged to give access to all floors in boiler house and 
turbine house. If a small lift suitable only for passengers is pro- 
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Fia. 67. Typical Station Layouts. 

vided it will be necessary to make some provision for handling 
materials from the boiler-house basement to the firing floor level. 
Sections of the firing floor may be so constructed that they can bo 
removed to give access to the basement for the purpose of handling 
materials. A noticeable feature of present-day boiler-house con- 
stniction is that an overhead crane is not provided even though 
boiler components involve weights comparable with those of turbo- 
alternators. A crane would facilitate construction and maintenance 
work and by careful arrangement of the boiler plant it may be 
possible to intorporate one. It may, however, be argued that the 
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larger components of the turbine such as casings and rotors have to be 
completely removed from the unit whereas the usual maintenance 
to boiler plant may be done on the units themselves. Lifting blocks 
are capable of dealing with the components likely to require attention 
and should be provided to facilitate maintenance. Data relating 
to turbine and boiler houses are given in Table 9, which should be 
noted in conjunction with Fig. 57. The layouts usually fall into 
two classes. In the first the boilers are arranged in rows at right 
angles (T layout) to the turbine house and in the second they are 
either in a single or double row running parallel to it. There is no 
merit in boiler houses at right angles to the turbine house unless 
they secure advantages. This arrangement offers advantages for 
very large power stations but is not generally economical for smaller 
ones. The coal and ash handling plants are separate for each 
boiler house, which is an advantage during extensions, and the pipe- 
work layout may also be improved. The building is more costly 
since an additional side is required and the intervening space between 
successive boiler houses is not often put to full use, although electro- 
static precipitators may be located here. The effort made to reduce 
the size of the buildings is helped by the adoption of large capacity 
units and, whereas the average figure for stations put into service in 


the immediate post-war years was between 45 and 60 cub. ft. per kW. 
of installed plant, typical figures for stations recently designed range 
from 28 to 33 cub. ft. It has been stated that the average value is 

about 53 cub. ft. per kW., made up as follows : — 


Boiler house ..... 

. 330 

Turbine house ..... 

18-0 

Other buildings ..... 

20 


530 

Typical present-day figures are ; 


In«tallod 

Building 

Capacity 

MW 

Volume 
cn. ft./kW 

100 

40 

160 

55 

260 

39 

•120 

27 

* Cooling tower station. 



Where electrostatic precipitators are installed it will be necessary 
to provide houses to take the H.T. transforming and rectification 
plant. The roofs and walls are usually of reinforced plaster con- 
struction whilst hollow beam flooi’s are quite suitable. The latter 



Table 9. Floor Area and Cubic Capacity of Boiler and Turbine Houses 
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are cheaper since shuttering is eliminated and the time required for 
reconstruction is reduced. 

The concrete plinths for thi) plant are placed as desired on the 
liollow beam floors. 

Chimneys are dealt with in Chapter VII. 

Switch House. The switch house accommodates the turbo- 
alternator and feeder switcligear, which is generally of the high- 
voltage typo, togotlier with associated auxiliary equipment such as 
batteries, motor generators, oil purifiers, fire-fighting and metering 
apparatus. The ardiitectural features generally follow those of 
the main buildings. The form a switch house takes will depend 
chiefly upon the type of gear to be installed. 

The design and construction of swlt(^h houses, control room, etc., 
are dealt with in detail under swit digear in Volume II. 

Pump House. This houses the drculating w^ater pumps, bilge 
pumps, valves, crane and allied switchgear. The building is goiierally 
in keeping with the main buildings. The features outlined under the 
turbine and boiler houscis will in most cases apply equally well to 
the pump house, (rood natural lighting and ventilation should be 
provided. The superstruduro may be of the steel framed type 
erected on the concrete w^alls of the punq) chamber, with brick walls 
and a flat concrete roof. 

Open steel grid flooring may bo used at pump floor level and 
has the advantages of aiding the natural lighting and providing 
a means of ventilating the piimp chamber. l’'hc layout will depend 
upon the type of pumps used and site conditions obtaining. Where 
riverside coaling is in use it may be necessary to provide a ventilating 
plant to prevent the ingress of coal dust to the pump house during 
coal unloading i)eriods. The outside air is passed through a filter 
to the interior of the pump house, the plant being of such capacity 
as to keep the air ui the house at a slight pressure above the outside 
air. To facilitate installation and maintenance, an overhead crane 
or lifting block should be jirovidod. Some form of heating may be 
necessary to maintain the pump cJiambers free from dampness. 

Workshops and Stores. The workshops provide accommodatio/i 
for the machinery required in connection with ilie repair and 
maintenance of the station plant and comprise a machine shop, 
blacksmith’s shop, electrical shoj) and joiner’s shop. The stores hf)use 
the materials and spares associated with the maintenance and opera- 
tion of the plant, and include separate sediems for general, oil, paint 
and lime and soda tores, etc. 

Fig. 58 shows one arrangement and Fig. 59 gives an alternative 
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for the same sections. The latter layout incorporates an overhead 
crane the full length of tli(' main shops and stores. TIk^ issue of 
stores is controlled from the ofliice (;ount.er, and subsidiary ai)art- 
ments arc grouped around th(^ main divisions, an orderly elevation 
being obtained. 



Fm. 59. Alfcoruativ6 Layout. ^ 


The buildings are generally in keeping with the main buildings 
and the layout of the various departments should be placed in correct 
order. CJoncrete floors with 1-in. granolithic finish will serve in most 
cases but in certain parts of the worlishop wood sets can be used to 
advantage. Concrete with a layer of wood on top may also be used. 
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A mixture of saud and ashes is suitable for the floor of the blaek- 
smith*s shop and it ean be kept moist by sprinkling Avitli water. 

An inspection pit and crane or runway joist and geared pulley 
block should always be provided. Adequate natural lighting and 



good ventilation are desirable, the temperatures of the various 
buildings should be maintained at the necessary levels. Fig. 60 shows 
another layout. 

Offices and Messrooms. The administration staff should have 
adequate office accommodation and the operating and maintenance 



Fia. 61. Staff AccommofJation. 
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staffB should also be provided for. The staffing arrangements vary 
in every undertaking but the following is typical of a large power 
station : — 

(1) Station Superintendent (or Resident Engineer). 

(2) Assistant Superintendent. 

(3) Chief Maintenance Engineer. 

(4) Assistant Mechanical Maintenance Engineer. 

(5) Assistant Electrical Maintenance Engineer. 

(6) Chemist and Testing Engineer. 

(7) Shift Charge Engineers. 

(8) Combustion Engineer. 

(9) Chief Cierk and Stores Overseer. 


7b Tu/pa/A/e' 77 ous£’ 



' CO A/T/rOL ^OO M 

Fig. ()2. Straff Accommoilation. 

Typical layouts showing the positions of the various offices for 
the staff and their subordinates are given, some of the layouts 
being the suggestions of J. Cunningham, A.R.I.B.A. In large 
stations the welfare section is of considerable importance, and the 
necessary raessrooms, kitchen, cloakroom accommodation, lava- 
tories and shower baths with hot and cold water, changing rooms 
and lockers should be provided. A first-aid room is also necessary, 
trained personnel being di’awn from the station operators and staff. 

In this arrangement the executive and operative staff sections are 
segregated, with separate entrances. The kitchen layout is iinprovcd. 
there being a separate entrance to it with a lobby to the cook’s room, 
which can have wall windows. The laboratory has considerably 
more window area and has fume cupboards. 
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The domestic rest room is near the kitchen and its shape is also 
improved together with added intervening ventilated lobby. 

In Fig. 62 the corridors and hall are compact and direct. The 
room projecting into the control room and the reception room and 
general office have an improved shape. 

The accommodation required for turbine and boiler house 
staffs is illustrated in Fig. 63 and altemative arrangements are shown 
in Fig. 64. 








Fig. (ilJ . Aceoinmodation for Turbine and Boiler House StaffH. 


In Fig. 64 A ” the bathrooms are regrouped making for sim- 
plified plumbing and sanitary arrangements although the offices are 
fartlier apart. 

B ’’ layout has been sub-divided as this is better for traffic 
arrangements and is more hygienii? from the bathing viewpoint. 
It also enables tlie lat ter to be shut off wlien desired and an entrance 
lobby is included. Circular automatic “ wash fountains can be 
used instead of basins, and are more economical and hygienic. 
Similar remarks apply to layout C.” Ample natural lighting, 
good ventilatioii, sufficient heating and absetuie of noise are essential. 
The constrin tion of the various offi(ies will to some extent depend 
on the position. Where they adjoin aiifl overlook the turbine house, 
vibration and noise should bo eliminated. The windows overlooking 
the turbine house may be made of double construction having a 
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cavity of 2 to 4 in., the panes being set in steel sashes fitted with 
wash leather to prevent vibration. 

A conference room is sometimes provided for committee and 
staff meetings. 

For heating and hot water supplies calorifiers may be installed 
in the boiler house, being supi)Iied with low-pressure steam reduced 
from the main steam ranges. 

Heating coils may be concealed in the ceilings and floors. 

A lieat pump installation using Freon gas as tlie refrigerating 
medium and low-grade heat from discharge of the circulating water 
system is also possible and has been installed in a few stations. 


Fig. 64, Alternative Layouts. 

Laboratory. The chemical and testing section is a department 
of growing importance and one that will play a big part in the 
power stations of the future. 

A properly equipped laboratory should be provided at each 
station and should include balance and furnace rooms, and sample 
house. Accommodation may also be made for instrument repair and 
meter calibration. 

Garage and Cycle Park. The need for garage and cycle park 
space has increased to such an extent that tliis should be allowed for 
when the layout is being considered. 

The space required to house the cycles may be kept to a minimum 
by using one of the racking arrangements now available. 
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SITE WORKS 

Drainage System. Good design and construction are essential 
to prevent trouble from pollution of the site, and ingress of 
polluted air to buildings. 

The principal factors to be considered when laying out drainage 
systems are : (1) they should be laid with self-cleaning gradients, 

(2) aU main junctions and changes of direction should be made in 
inspection chambers to ensure access for rodding, the drains being 
laid in approximately straight lines from chamber to chamber ; 

(3) adequate ventilation should be provided ; (4) they should be of 
sound construction to remain water and airtight ; (5) all chambers 
excepting those near the surface should be of adequate size to 
facilitate rodding. 

Two separate systems of drainage may be provided, one for 
sewage and one for storm water and sump discharge generally. 

The systems may be divided into groups depending on the extent 
of the layout. Portions of the roof water may be taken into the 
sewage system to assist in flushing the channels. An intercepting 
trap should be iiicluded where the station drainage system enters a 
main sewer to isolate and seal the latter from the former. A manhole 
or disconnecting chamber is provided to give access to the inter- 
cepting trap for inspection and cleaning. This should be inspected 
at regular intervals to ensure that there is no accumulation of silt, 
etc., in the trap which would result in stoppage. 

The sewage and storm -water pipes are of varying sizes of good 
quality glazed stoneware, except in special positions (IxjIow cables), 
when cast iron is used. 

Stoneware pipes jointed with tarred yam and Portland cement 
and surrounded with 6-in. thick concrete are usual. Main sewage 
and storm-water pii)es may be 9 in. and 12 in. and the subsidiary 
branches 3 in., 4 in. or 6 in., as required. 

A sewage purifying * plant may be necessary and allowance 
sliould be made for this in the early stages of construction. The 
functions of a sewage plant may be briefly summarised as 
follows : — 

( 1 ) To receive the sewage of its contributing area, which consists of the 
entire water supply of that area — after use by the station staff euid employees 
— together with the rainfall, the whole being sent to the plant for purification. 

(2) To separate by various means as much of the suspended solids as 
possible in the form of a slvidge. 

(3) To purify the remaining liquor, which is the bulk of the sewage. 

(4) To dispose of the sludge as hygienically and cheaply as possible. 
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Sewage sludge is a very complex mixture containing a large amount 
of water (80 to 96 per cent.). 

In stations away from the usual sanitary facilities a complete 
system of rain water and soil drain is provided, the rain water being 
carried into collecting pits and the soil drainage to a sewage disposal 
tank, fitted with filter beds, automatic sewage distributor and pump. 

Roadway Drainage. The drainage gullies for roadways may be 
connected to the storm- water or sewage system where it is convenient 
to do so. Where this is not permissible separate soak pits are 
occasionally used. 

Water Supply. Water supply for general services may be 
obtained from a water company’s main or wells where these are at 
hand. A 6-in. or 9-iii. pipe will normally deal with all station require- 
ments. When town main water is used for boiler make-up adequate 
storage capacity should be provided in case of interruption of supply. 

Drinking water is taken from the town main although in some 
cases evaporator water is passed through coolers for this purpose. 
Where the water is heavily impregnated with salt and unsuitable for 
drinking purposes this has been adopted. 

Railway Sidings. Railway tracks should encircle the entire site 
to facilitate marshalling of full and empty coal wagons, ash removal, 
delivery of goods to stores, handling of plant and goods to and from 
the workshop and loading baj^s. 

Use should be made of the site levels to assist in the movement 
of wagons, an example of this teing the layout and arrangement 
of the coal-handling plant. The wagon tippers may be located so 
that the incoming and outgoing lines are at higher and lower levels 
T’osj^ectively, in which case movement of the w^agons by gravity is 
possible and considerable economy is effected. 

The sidings turn out to the main lines of a railw^ay company, 
and certain sections will have to comply wdth its requirements. 

The clearances betwx'en rails and nearby buildings, lamp stan- 
dards, etc., are in accordance with the appropriate regulations. 

The surface of the site should be properly trimmed before being 
ballasted, and drainage by earthenware drain pipes laid wdth open 
joints in a trench filled with coame clinker is desirable. 

The formation should be well rolled and consolidated before 
laying the bottom balla.st, the bottom and top ballast being of fine 
clean ashes laid to approved depths. The rails used for the con- 
struction of turn outs and crossings are of new sections, but rails in 
plain trackwork may be of selected secondhand sections. Sleepers, 
fishplates, chairs, keys, fishbolts, etc,, should Ik? in accordance with 
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the appropriate specifications. Sidings are referred to under coal* 
handling plant . 

Site Fencing. The amount of fencing required and the designs 
to be adopted will depend chiefly on local conditions, but allowance 
should be made for this work. A really good site fence around the 
periinetcu’ of the station is very useful in preventing unauthorised 
access. 

Landscape Gardening. This may appear to be unnecessary for 
power stations, but there may be some odd corners which can be 
made (piite attractive by the (*areful chf>ice of slirubs and plants. 

OUTDOOR STATIONS 

With tlie obje(‘t of reducing capital (tosts, the erection of plant 
out of doors has been considered, and in *some countries actually tried. 

Outdoor swit(^ligear is frequently adopted and there are no 
reasons vvliy tlio turbine and boiler plant should be housed providing 
the climate is suitable'. Buildings would still be necessary lor 
offices, workshops and stores and to house the control oquijment. 

In this country it does not appear justifiable to eliminate build- 
ings, and only in few cases has the swit(*hgcar been placed outdoors 
for power station services. Transformers and reacdors are the only 
items of plant which have been placed outdoors. Jn view of the very 
high (jost of ))uilding work attention is now being givT^n to semi- 
outdoor plants. 

In one seini-outdoor American plant an endeavour has been 
made to maintain the effectiveness of the pneumatic controls, air 
soot-blowxT system and misc^ellaneous water lines under winter 
conditions l)y protecting all exposed control and water piping which 
is subject to freezing by means of resistance wiring. Single con- 
ductor, lead-covered heating cable (19 W.G. — 220 V.) has been used 
in units of 120 ft. of dual run, providing 00 ft. wrapping lengths. 
Thermostats have been provided to hold air and water at regulated 
temperatures above freezing. Further information will be found in 
the Electrical World, November 5th, 1951. 
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CIRCULATING WATER SYSTEMS 

Site conditions determine the method to be used for supplying 
tiic cooling water to the condensers, and may be one of two systems, 
namely : — 

(1) Rivor, sen, or canal water system or possibly a lake system. 

(2) Cooling tower system. 

or alternatively a combination of these. Rivers and canals are used 
where ample water is available, but where this is limited the second 
system or a combination of both will be adopted. It may be neces- 
sary to pump the make-up water some miles but the difference in 
head is only moderate and the pumping charges are therefore 
reasonable. This resolves itself into a problem of saving in transport 
of coal compared with pumping charges. The maintenance of the 
desired vacuum depends not only on the quantity of water sent 
through the (iondenser, but also on the temperature of the water. 

To illustrate this point a 30 MW set working on both systems 
with feed heating is given in Table 10. The figures given for vacuum 
are calculated at 80 per cent, load, i.e., economical rating or a 
condenser loading of about 24 MW. Local conditions may dictate 
wide variations. 


Table 10. Cooling Water Data 


System 

M.U.R. of 
Set 
(MW) 

Cooling Water 
(CalloiiB per 
Minute) 

Cooling Water 

C F.) 

Vacuum 
(Bar. 30 in.) 
(indies Hg.) 

Condenser 
Cooling Surface 
(sq. ft.) 

River water . 

30 

20,000 

66 

00 

290 

28-8 

26,000 

Cooling tower 

30 

27,600 

80 

28-0 

29,000 


The theoretical lower-temperature limit of the thermal cycle 
is the temperature of the water in the river (this cannot be altered), 
and for cooling tower systems, it is the atmospheric wet-bulb 
temperature. 

The common law gives every riparian owner the right to have 
water flowing past his land in its natural state of purity, and it also 
enables him to free passage of fish up and down the river. The great 

no 
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difficulty has usually been for an individual owner or tenant to 
enforce these rights owing to the expense entailed in going to law. 
In this country the Anglers’ Co-operative Association has fought and 
won numerous cases of river pollution. 

The cooling water required for a river scheme is about 50 gallons 
per hour per kW., and the make-up water necessary for a cooling 
tower layout about 0-5 to 1*0 gallon per hour per kW. The circu- 
lating water conditions have an important effect on generating 
plant capacity. In a cooling-tower system the water temperature on 
a hot day in summer may be anything from 30® to 60® P. more than 
on a cold day in winter, and the consequent loss in vacuum may 
result in a 10 per cent, difference in steam consumption. This would 
necessitate 10 per cent, more generating plant to carry the same load 
on the hot day than on the cold day. 

The winter peak load is usually much higher than the summer 
peak, but if the difference is ver}’^ small more plant must be available 
to meet the summer peak than the winter peak. 

Use has been made of the warm circulating water for water 
heating systems, etc. 

River Water System. The water is drawn direct from the river, 
pumped through the condensers, then discharged to the river at. a 
higher temperature, probably 10® to 20® in excess of the inlet 
temperature. 

Situated on the banks of a large river or estuary, a station has the 
advantage of an inexhaustible supply of circulating water. 

The positions of the inlet and outlet works should be chosen to 
take advantage of the maximum available natural cooling by spacing 
these two points as far a])art as possible. In small rivers and 
canals it is possible to get re-ciiculation, that is, the warm water 
from the outlet entering the inlet, thus impairing the efficiency of the 
condensing plant. Even on large tidal rivers this may take place at 
certain periods of the tide if the inlet and outlet works are not 
sufficiently far away from each other. Where there is any doubt 
about the effectiveness of the cooling water intake and discharge, 
i.c., interference due to re-circulation, it is possible to determine 
operating temperatures by producing a working model. In one case 
a model 1 /1 50 full size of the river was set up and tidal model ex- 
periments were carried out and a satisfactory design evolved. Model 
tests were used to measure the temperature rise at the inlet to the 
circulating water system. On small tidal rivers (minimum flow of 
5 million gallons per hour) Ihe flow juay bo augmented by impound- 
ing tidal water by constructing a weir across the river. A diversion 
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wall or midfeather is sometimes made in small rivers to carry the 
outlet water a considerable distance down-stream and so prevent 
re-circulation. Some stations are designed with the intake on one 
side of the river and the outfall on the opposite side. Tunnels are 
driven under the river and outfalls constructed for cooling water on 
the opposite aide from the intakes. The temperature of the outlet 
water should be kept within safe limits to prevent harm to fish. 

To meet the requirements of the Fisheries Board in one district 
it was necessary to extend the outlet end of the discharge culvert 
over a spillway about 100 ft. in length on the river bank. Such an 


I I 





To 


Kin. tifi. Layout of Circulating Water System with Spillway. 

arrangeinent ih whown in Fig. 05. On f)n(? river the outlet tempera- 
ture of the cooling water was limited to 75° .F. for fishing reasons and 
this necessitated the use of single pass condensers. In another ease 
it was laid down that the river should not be heated to more than 
90° F. or to more than 20° F. above the river temperature, whichever 
is the less. 

A system embod^diig a river and cooling towers to overcome 
re-circulation and meet the requiremoiits of a fishery board on a 
fairly small river is of interest. Trouble was expcrionced due to 
re-circulation and com])lairit.s were made by the river board regarding 
harm to fishing by oxce])ti()nally warm Abater. The water from 
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the condensers is discharged into the river at a point near the 
station, and after mixing with the river water an amount is drawn 
from the river at a point down-stream and pumped to the cooling 
towers, where it is further cooled. In this way the water discharged 
to the river is maintained at a suitable temperature and re -circu- 
lation troubles are eliminated. The disadvantage of such a scheme is 
the necessity for two pumping plants with* consequent increase in 
pumping charges. One set draws water from the river and dis- 
charges to the towers and the other takes it from the tower outlet 
culvert and delivers it to the condensers. Fig. shows a typical 
layout. A third pumping set may be installed to draw water direct 


COOLING TOWERS 



Fui. Combinod River and Cooling Towor Syatera. 

from the river for delivery to the condensers. The culvert is also an 
additional item and it is sometimes necessary to provide a jib crane 
for grabbing the silt from the culvert. Some of the advantages of 
this scheme are : — 

(1) Where the site area is limited the size of coolhig towers can 

be reduced. 

(2) A smaller quantity of cooling water is required. 

(3) The turbine plant efficiency is increased. 

(4) The towers behig some considerable distance from the 

station, a saving in discharge pipework and pump power is 
possible. 

The cost of additional pumping plant will partly off-set these 
savings. 
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Another installation of interest is that where the cooling tower 
(2,500,000 gallons per hour) is a considerable height above the power 
station site. The river water passes through two culverts with rotary 
screens into storage reservoirs at the same level, whence it is pumped 
through the condensers and then returns to other reservoirs at the 
same level. From these it is delivered into the cooling tower and 
rettmns to the intake reservoirs, passing through water turbines on 
its way. These turbines are coupled to the motors driving the main 
pumps and a certain amount of energy is recovered. The cooling 
tower has two ponds, the levels of the upper and lower being 107 ft. 
and 47 ft. above the storage reservoirs. Use is made of these heads 
to economise in power required for pumping by returning the water 
from the tower to the reservoirs through water turbines coupled to 
the pumping units. The estimated saving in pumping horse-power 
at full load is 030 h.]). and 280 h.p. for the high and low ponds 
respectively. The pumps are installed immediately above the 
reservoirs. 

The amount of cooling water required for condensing purposes 
in a 300 MW station would be approximately 12,000,000 gallons 
per hour, and allowing for auxiliary service and make-up water a 
total of some 15,000,000 gallons per hour would have to be drawn 
from the river. Unless records are available, some preliminary work 
will be necessitated to estimate the flow of river water at all seasons 
of the year. The average velocity may be ascertained by taking 
flows at a number of points by means of floats and the contour of 
the river bed may be taken by the usual sinker method. From these 
data the approximate flow can be calculated. Where more accurate 
results are desired, raeasurhig weirs may be used, due allowance being 
made to cover all conditions in tidal rivers. 

On small rivers where the water flow during certain seasons is low 
it is sometimes necessary to include a low-water dividing wall down 
the centre of the river to divert the flow to the screens during times 
of low water. 

The circulating water pumps should be placed so that they are 
drow3ied at all recorded river levels, to avoid the use of foot valves 
and sjx>cial priming arrangements. This arrangement entails more 
civil engineering work, and on small stations up to 100 MW output 
may not be justifiable. In such installations the adoption of hori- 
zontal pumps with foot valves is usual. Where the river frontage is 
limited, the inclusion of a dry pump pit for vertical pumps may not be 
jiossible, due to reduction of water chamber space. 

The condensing }»lant should he placed at such a level as to 
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require tlie luiniiiiuiu aniouut of puuipiiig reasonable 

costs of basement oxc^avatious and Ibmulations. The (circulating 
water system should be designed to utilise the full effect of siphonic 
action, the pumps being flooded and the outlet from the system 
being sealed at all river levels. To place the condensers too high may 
bring the top of the siphon to the critical barometric point, while, 
on the other hand, the lower they are placed the greater will be the 
cost of forming the condenser basement. 

A level has therefore to be chosen at which the annual savings in 
pumping, due to siphonic effect, exceeds the capital charges on 
the civil engineering work. At this point it may be anticipated 
that a siphonic effect approaching 50 to 70 per cent, of the theore- 
tically possible would be obtained. Tests may be taken to verify the 
estimated figure. 

At various points throughout the system air cocks should be 
provided to release any air which may prevent the functioning of 
the siphonic action upon starting up the pumps. If siphonic flow 
of the circulating water can be obtained at all states of the river 
level, large reductions in pumping power are brought about. 

In very large circulating water systems it may be justifiable to 
provide air exhauster pumps at various points to ensure siphonic 
flow at all river levels. 

In one station a reciprocating air pump was connected to the 
condenser discharge branch, the water outlets from the air cooler, 
oil cooler and transformer oil cooler, to assist the siphon head and 
prime the water system on starting up. One of the disadvantages 
of pumping from tidal water into a gravity supply conduit is that the 
simple constant speed pump has a variable discharge with variations 
in tidal level. Such variations can bo overcome to some extent by 
constructing reinforced concrete siphons between the pumps and 
the conduit and by iising a combination of smaller pumps. 

Stations taking the water from a river or tidal source usually 
have the ends of both suction and discharge pipes submerged 
below the lowest recorded tidal level. Provided the distance between 
the lowest level and the highest point of the circulating water 
system does not exceed about 30 ft., the system will at all times and 
states of tide operate in a constant manner. 

In one station the condensers are placed about 50 ft. above the 
low-tide water level and the pumping sets are provided with a 
driving motor, pump and water turbine all mounted on a common 
bedplate. The turbine is placed in the discharge pipe outlet and the 
power it generates assists to drive the pump. The function of the 
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turbine is to maintain a pressure in the upper parts of the condensers. 

The inlet works should be such that large quantities of water can 
be taken from the river at a very low velocity, thus obviating dan- 
gerous currents or eddies. 

The pumps may be located at the river side or alternatively in 
or near tlie turbine house. The site conditions and layout of station 
will play a big part in deciding the position of the pumping plant. 



Fia. 07. Circulating Water System for 300 MW Station. 


Culverts or tunnels are taken to a distribution chamber in the 
turbine house (Fig. 67) where the pumps are situated, or the pumps 
may be at the river side to pump the cooling water through pipes, or 
a combination of pipes and culverts, direct to the condensing plant. 
In one station designed for 50 MW sets the very wide range of water 
levels (about 62 ft.) presented a problem of some importance. The 
site was chosen after careful consideration of many factors relating 
to the flow of water in the river, the possibility of silt and other 
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troubles, the formation of the ground and the suitability of founda- 
tions. The site is on rock and the natural slope of the ground is 
upwards from the river at a steep angle. 

Pour large cooling water culverts .are driven through the rock 
from the bottom of a deep screening pit situated at one end of the 
turbine house. These culverts are concrete lined and extend to the 
river. Prom the screening pit four culverts pass along the entire 
length of the turbine house, Pig. 68, at a position well below the 
foundations. The connections from the culverts are controlled in 
deep cooling water pump pits, the arrangement of the pits being 



Fia. 68. Circulating W'ator Syatoiu Arranged for Kovorsal of Flow. 


such that one pit serves two 50 MW turbo -alternators. Each pit 
is situated between two turbo -alternators and on the centre line of 
the corresponding condensers. The connections between the 
cooling water culverts and the condensers are airanged so that any 
culvert may bo used as inlet or outlet for the water. This system of 
connections enables relatively hot discharge cooling water to be 
passed through any culvert should it be necessary to do so to kill 
marine growth. Reversal of flow' also prevents the accumulation of 
silt and sand. 

The connections and pumps are placed well below the lowest 
recorded water level to ensure that the pumps are always primed. 
For economic pumping powder the condenser is placed at such a level 
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that the ftiphonic condition of the cooling water system is always 
maintained. This fixed an upper limit to the height of the outlet 
of the condenser. 

To avoid unnecessary excavation the turbo-alternators are 
placed at ground level which resulted in the turbine operating 
floor being some considerable distance above the condenser. This 
necessitated a steam connection 35 ft. long between the turbine 
exhaust flange and the condenser inlet. It will be noted that the 
switch house is below the turbine-operating floor, which again was 
due to tljc natural slope of the ground. 

Wliere the jiowcr station is some considerable height above 
the sourcic of circulating water some savings can be effected in 
botJi construction and pumping costs by adopting a layout on 
the following lines. The circulating water pumps are designed 
to operate conipletcly submerged but are normally located 
above flood level with only slight increase in pumping com- 
pared witli low-level layout. This avoids expensive excavation 
and sub-structure (*-ost of locating the condensers in deej) pits 
while keeping the turl) 0 -alternator 8 above flood level. The 
long exhaust connection l)etween turbine and condenser is also 
eliminated. Two half-cajiac^ity primar}' pumps are used in series 
permitting operation of only one in the winter, wdien low water 
temperatures prevail. One pumi) is submerged below extreme low 
water and its liigh stalling head characteristic is able to deliver 
sufficient for starting purposes. A booster pump — a single-suction 
volute type is mounted directly upon a hydraulic turbine — starts 
when there is enough w^atcr in the control well. The two pumps 
then operate automatically in series at full capacity. Advantage is 
taken of maximum siphon effect from the condenser drop-leg 
which enters the sealing or control well. From this well all circu- 
lating w^ater is passed througli the hj^draiilic turbine. Thus the 
static head from sealing well to river is utilised — 75 to 80 per cent, 
being reco veered- -in reducang the work of the primary pump, with 
considerable saving in overall priming power. The booster pump 
functions until rising water renders the turbine ineffective, then 
the primary pump(s) works alone, producing full capacity under 
reduced head. Such a system has been adopted in certain American 
power stations by the Worthington Pump and Machinery Corpora- 
tion. 

It is usual to keep tlie velocity of the water entering the condensers 
(and the friction head) as low as possible consistent with the cost of 
civil eiigiiioeriiig work on (culverts, etc. The velocity of the water in 
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the discharge pipes adjoining the condensers is made rather high, 
probably approaching 10 ft. per second, in order that the water 
may carry away any air that has a tendency to settle out at the high 
point of the siphon. The pump inlets should be well drowned to 
prevent air being taken into the pumps as the result of turbulence 
and the condenser outlets should also be sealed and arranged to 
Induce turbulence to a minimum. Where pipes and culverts are 
underground, the worst possible loading should be determined and in 
the design of reinforced concrete culverts external earth pressure, 
flood pressure and head pressure of the pumps should be taken into 
consideration. In one station the worst load was found to be that 
due to the head of the pumps and the culvert was designed to meet 
this condition, the pressure per square foot on the walls being 
2,600 lb. Shrinkage stresses were allowed fur by providing 0*3 per 
cent, longitudinal steel and when casting the culverts a joint about 
18 in. wide, with reinforcjcment continuous across it, was left every 
30 ft. After the concrete had thoroughly matured these joints were 
filled in. This was done to enable the concrete to contract in sections 
of 30 ft. before being made into a continuous duct. When filled with 
water at full pressure no leakage was found. 

Means should be provided for sectionalising during emergency or 
maintenance periods. 

An alternative arrangement for reversal of flow is shown in 
Fig. 69. 

In an endeavour to obtain the maximum possible advantage from 
siphonic action on the circulating water, with its corresponding 
reduction in pumping costs, in one station it was necessary to place 
basement level as nearly as possible at lowest river level. This 
would have involved expensive foundation work to withstand the 
pressure of the water at time of flood. The river in this case was 
subject to a 25-ft. flood rise. An intermediate position was, there- 
fore, determined by calculations, at wliich the saving on pumping 
rather more than balanced the capital charges on foundation work. 
The turbine house is placed in a reinforced concrete chamber, the 
floor of which is about 10 ft. above lowest river level. At this 
elevation it was reckoned that such ad vantage^ from siphonic action 
(Fig. 70) as would ensure a considerable reduction in the cost of 
pumping the circulating water could be obtained. The pumps 
discharge water under pressure along concrete ducts 670 ft. long to 
the condensers, from whence the water will gravitate siphonically 
to the river. A 60 per cent, siphonic effect is anticipated, but a 
figure of 80 per cent, is probable. To obtain this result quite a lot 



120 


ELECTRIC POWER STATIONS 


of planning was necessary. The twin discharge pipes are rather 
smaller in diameter than usual, the reason being that the maximum 
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siphonic effect is more certain if the velocity is kept up and the pipes 
are full of water. Emission of the discharge is so arranged that there 
is a minimum of turbulence. The water issues first in a downward 


CIRCULATING WATER SYSTEMS 


121 



ntnivo gMtwam iAo» NoatfA973 


direction from a bell-moutli which is well drowned beneath a 
considerable head and ])lays against a cone : it is thus reflected 
upwards round a fairly wide circle. 


IG. 70. Diagrammatic Sketch of Circulating 
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Intakes, Screening and Suction Chambers. In large stations 
these entail considerable civil engineering work, and where river 
coaling is adopted precautions should be taken to prevent damage by 
colliers. Timber fenders are fitted to the outside faces of the intakes. 

Each screening chamber should be arranged so that it may be 
isolated by means of hand-operated penstocks or alternatively sluice 
gates to facilitate cleaning and repairs. 

The suction chamber should be common to all pumps and all 
screen chambers, but means should be provided to enable it to be 
sectionalised and emptied. 

Tunnels, culverts and suction chambers can impair pump per- 





Fio. 71. Circulating Water Sypstem for 90 MW Station. 

formance unless care is exercised in their arrangement. Eddying, if 
not eliminated, will cause cavitation and rapid wear of impellers as 
well as liberate air to damage the condenser tubes. 

The intakes, screening and suction chambers may be covered 
with removable creosoted timber and certain portions with chequer 
plating or open -grid steel flooring. When solid flooring is laid 
adequate air spaces should be provided. Poisonous gas from decayed 
seaweed has been known to cause Joss of life in circulating water pits 
and care is always required when draining off and entering chambers 
and tunnels. Men can be overcome by the .fumes. 

It may be necessary to place a track over the intake chambeivs 
to allow a jib (?raiie to grab the silt from the river, intake and screen 
chambers. The intake flume can be roofed to prevent river bank 
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eronioii l)emg oarriefl 
into tlio intake under 
flood conditions and 
with this construction 
the screening chambers 
stand high of normal 
river level. 

In practice entrance 
velocities of 1 ft. per 
second to 2 ft. per second 
have been satisfactory 
in large stations, whilst 
in small stations velo- 
cities approaching 4 ft. 
per second have been 
trouble-free. 

Much will depend 
upon local conditions, 
butwhereverpracticable 
the entrance velocity 
should bo kept as low 
as possible. A clear 
waterway should be 
maintained in front of 
the coarse screens in 




Fxg. Pump House Layout for Duplicate 
Screening Plant. 



Flo. 72 a. Diagrammatic Arrangemont of Fig. 72. 


case a ship may be lying 
on the river bod at low 
tide and obstruct the 
direct flow of water. 

The culverts are 
sometimes arranged in 
such a manner that it is 
possible to reverse the 
flow and so prevent 
silting up with mud or 
sand. This arrange- 
ment may necessitate 
the use of two screening 
chambers (Pig. 72) and 
plant. The higher first 
cost is partly off-set 
by tlie reduced charges 
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for cleaning. Fig. 72a shows the pumping and piping layout. 

If the station takes its cooling water from the sea and is affected 
to any great extent by the tides, then it will almost be essential to 
provide for reversal of flow in the culverts and also include two 
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screening jjlants. In tropical climates it may l)e justifiable to 
place the cooling water inlets some 20 ft. or more below sea-level 
to obtain a 0“ F. lower temperature. 

Figs. 73 and 74 indicate two intake layouts. 


Circulating Water Intake T.ayout. 
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Intake Culverts. The intake culverts from the screening chamber 
to )nimp suction chamber may be of circular, horseshoe or rectangular 
section, the cross sectional area being governed by the amount of 



water required. In dock -side stations the condensing water may 
be obtained from one dock and returned to another by means of low- 
level tunnels. Fig. 75 shows one arrangement employing tunnels. 
If the vertical opening provided rises above the level in the dock 
basin it may be found that the cooling water is liable to contamina- 
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tion from oil and flotsam coming from the docks. This <*-an be over- 
come by ourtaining-off the upper part of the o|>ening in such a way 
that there is always a minimum depth of 2 ft. of water over the 
intake. 

At one station the shafts at the station end are 300 ft. deep 
and at the docks 250 ft. and 240 ft. deep, the difference in levels 
being due to the gradients given to the tunnels for the purpose 
of drainage during construction. The shafts are 14 ft. in diameter 
and the horseshoe-shaped tunnels driven through solid rook are 
about 9 ft. diameter and lined with 9 in. of concrete. The intake 
tunnel is | mile long and the discharge tunnel | mile. 

Another station has four (two inlet and two outlet) 7 ft. 6 in. 
internal diameter concrete culverts lined with brindle brick. The 
culverts are situated at such a depth as will maintain at least 4 ft. 
of water over the top of the sea ends at the lowest recorded tide. 
They are constructed on a constant level throughout their entire 
length with the exception of a section at the sea ends which for a 
length of 30 ft. is graded upwards on an incline of one in five. The 
sea ends of each pair of culverts are situated 60 ft. apart with 
150 ft. between each pair. As a precaution against the accumulation 
of silt in the culvert mouth a shelf in the river bed about 30 ft. from 
the culvert was dredged. To guard against the possibility of silting, 
the circulating water culverts and connections are designed to allow 
of the flow of water to be reversed, i.e, inlet or outlet as may be 
desired. By throttling the outlet valves the temperature of the 
water may be raised to destroy any marine organisms adhering to 
culvert linings. The method of constructing the culverts involved 
the sinking of two temporary working shafts adjacent to the station, 
12 ft. internal diameter and concrete lined, with two similar shafts 
iron-lined and concrete backed at the foreshore. Iron-lined working 
chambers 12 ft. diameter and 24 ft. long were built on the centre 
lines of the culverts and connected to tho working shafts by short 
passages. From these working chambers the culverts were driven 
in opposite directions the work being earned out in sections 12 ft. 
long. The permanent screening shafts, four in number, sunk near 
the turbine house were also utilised as working shafts from which 
similar headings were driven. Considerable quantities of water were 
encountered between the foreshore and the sea which necessitated the 
construction of iron-lined chambers with air locks, the works on this 
section being carried out mider compressed aii*. . 

The velocity of flow in intake culverts is between 4 to 7 ft, per 
second. An intake from a canal {1\ million g.p.h.) had an average 
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the condensers to outfall works situated on The river bank. The 
construction is similar to that of the intake culverts, with the excep- 
tion that the (^ross -section area may be slightly larger. The maxi- 
mum velocity of flow is about 8 ft. per second. 

In some stations where sets of 50 MW capacity and over are 
installed each set has two discharge pipes (divided condenser) led 
separately to an outfall. For four sets there would be four outfalls 
at the river each being served by one set having two discharge 
pipes. Depending on site conditions, it would appear that wherever 



possible the inlet and outlet culverts should bo a monolithic con- 
stniction, the latter being placed directly above the former. In 
this way special crossings are reduced and civil engineering work is 
cheaper. 

Outlet Chamber. The velocity of the watpr discharged to the 
river should be reduced to a minimum. In large stations, where 
some 12,000,000 to 14,000,000 gallons per hour of water are used, 
due consideration shoTild be given to this matter. The openings 
should be such that a uniform discharge is obtained, and the 
velocity should never exceed 1 ft. per second. In smaller stations 
where conditions permit, this figure may be exceeded without 
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harm. The outlets '^are sometimes arranged to be shut off from 
the river by means of penstocks, sluice gates or dam boards. By 
partially closing the outlets, the u ater velocity may be increased to 



clean any portion of the outlet apron or discharge works. Here 
again colliers may cause damage unless precautions are taken. 

Where site conditions are such that the depth of the water- 
bearing strata is too great to permit the use of compressed air, the 
ground may be frozen to the necessary depth by sinking a ring of 
circulating pipes through wliich a freezing mixture is passed. This 
applies to the sinking of shafts, etc. 
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Screens are necessary for screening the water passing into the 
circulating water system, to prevent damage to pumps and valves, 
also choking of the condenser and cooler tubes. Screens are one of 
three classes, namely ; — 

(1) Fixed, (2) Travelling, (3) Revolving. 

The first is used as a primary screen to protect the more expen- 
sive mechanical type or where only coarse screening is required. 
The inlet works should have some form of coarse screen to prevent 
the ingress of large floating ddbria, etc., to the screening chamber. 
The velocity of water through the screens should be kept within 
reasonable limits, as large submerged articles may be drawn against 
the screens, resulting in starvation of the pumps. To reduce the 
velocity the area of screen should be as large as possible. 

Those screens are made from timber, wrought iron or mild steel 
bars, two exami)les of which are : — 

(1) Coarse timber grillage with clear pitch of 6 in. between vertical bars. 

(2) J in. diameter mild steel bars at 4 in. centres secured by flat bars of 
8 in. X I in. cross section made into panels convenient for handling. 

The selection of material for this purpose has been given special 
attention, particularly with reference to corrosion. Some of the 
materials considered arc : — 

( 1 ) Copper-bearing steel. 

(2) “ Armco ” iron. 

(.8) Mild steel with protection of electro-deposited cadmium. 

(5) Wrought iron. 

The last is the most economical and is generally quite satis- 
facjtory. Mild steel without any protection has been used, and 
appears to have given satisfaction over a long period of years. 

Both fixed and travelling screens of galvanised steel may be 
affordefl cathodic protection by a selenium rectifier and a graphite 
anode ground bed system. 

Easy access is desirable to j)crmit cleaning and repairs to the 
screens. Small fixed coarse screens are normally hand-raked but 
mechanical raking machines may be used where the quantity of 
dibris is excessive. 

Where water is drawn from the sea, tunnels are laid below t he 
sea bed with shafts at either end, each of which may be used as an 
inlet or outlet. The construction is similar to that used f or shafts and 
tunnels on underground railways, the cast-iron segments being fille<l 
with concrete and given a smooth finish. The tops of the shafts in the 
sea should he such that a cover or sealing cap can be placed in posi- 
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tion and the tunnels emptied for inspection, repair and cleaning. 
For normal working a gunmetal screening grid lies on a machined 
gunmetal ring tliat is fitted to the shaft. This coarse screen prevents 
the ingress of large floating debris to the shafts and tunnels. The 



shafts and tunnels must comply in all res])ects with the regulations 
of any harbour or coastal authorities. 

At the lowest observed tide there should be an adequate covering 
of water (4 to 8 ft.) and a beacon will be required over each 
shaft. The pump house is over the land shafts, and tlio latter 
each have a coarse screen which is handled by the pump-house 
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crane. Motor-driven rotary strainers are fitted between the shafts 
and the pump suction chamber. 

In one installation lignum -vitae cut into V-shaped blocks was 
used as the straining medium. 

At the sea end of each 
culvert wrought iron grids 
have also been used and 
greenheart doors fitted so that 
the culverts can be emptied for 
inspection and cleaning. Near 
the turbine house tlie culverts 
can be intercepted by screening 
shafts (17 ft. dia. and 66 ft. 
deep) which connect (Fig. 79) 
each culvert with a screen 
house situated on tlie surface. 

The lower section of each shaft 
IS slightly enlarged and shaped 
to ensure an easy flow of water. 

The junctions between the 
shafts and culverts are formed «ootiou of Culvert and Screening 

with granite bcll-moutlis and 

vertical granite cut -waters arc provided on the two screens in each 
culvert. The screening plant is capable of dealing with the requisite 
({uantity of (circulating wat/cr at all levels of tide over a range of 




Fio. so. Circulating Water Intake for a Small Station. 


62 ft. To ensure uninterrupted p«assage of outlet water each screen- 
ing shaft has an overhead crane to lift the screens into the shaft and 
above the level of the culvert. 
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Travelling screens may he of the twin-flow or uniflow types and 
are used whore tliere are large variations in water levels. Revolving 
screens of the dis(^, cup and drum types are used where the variations 
are small. The cup screen is a modification of the disc type in which 
the screening medium is arranged circumferentially and forms the 
periphery of the cup.” A greater soreoiiing area is obtained and 
where chamber space is restricted holes may be provided in the refuse 
lifting trays to release any air. 

Another type of rotary screen or strainer which is in the dis- 
charge pipe to the condenser consists essentially of a wheel enclosed 
in a watertight casing. The wheel is built up of strainer grids or 
panels and revolves at about 1 r.p.m. 

A cleaning compartment is provided where a portion of the 
straining wlxeel is exposed to a jet and cleaned during rotation. 
This pipe-line screen has been used on circulating water pumps having 
an output of 1,250,000 gallons per hour, is independent of water 
levels, reliable, economical and accessible. 

In the diTirn type the drum revolves on the circulating water- 
pump suction pij)es, which servo as trunnions. The complete 
installation is located in the river bed, and foundation work is 
reduced. The only foundation work required is the piles in the river 
bed, the entire screening plant, including driving gear, being 
supported cm the piles. This screen is recommended on sites where it 
is difficult to build conc^rete chambers for liousing the screening 
plant, and although the initial cost of the screens is rather high, 
the cost of installation is reduced. 

The mechanical or secondary screens should be of the self- 
cleaning pattern of robust construction, and preferably with indivi- 
dual drive wliere large units are employed. 

The materials used should be durable and withstand any corro- 
sive action and in this respect the galvanising of the screening 
panels and sherardisiiig of mild steel sections appears to be satis- 
factory. 

Circulating water frequently contains large quantities of leaves, 
twigs, straw, hair, floating wood, etc., although much depends on 
the locality. In some stations the condensers, air and oil coolers 
have been choked by periodical invasions of multitudes of small eels. 
Certain rivers in South Africa ]»ave a weed (water hyacinth) which 
can cause trouble. So long as it floats tliere is no practical danger, 
but if it sinks either because of chemical spraying or due to frost it 
can be drawn into the screen chambers and pumps and cause much 
damage. A mec^hanical system of clearing is better than chemical 
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spraying, as the latter left a stinking mass which floated on the river 
some considerable time. 

> 

The water passing through the screen deposits the d^ma on the 
outer face, which is carried to the top of the chamber. At or near 
the top of the travel or circular path are fixed fan-shaped water 
jets which deliver water under pressure and wash off the ddbris from 
the outer or inner face, as the case may be. The ddbris falls into a 
trough and is flushed away to a perforated refuse pit or returned 
to the river. 

The cleaning water pump and screen drive may both be driven 
by the same motor but separate drives are preferable, as pump 
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Fig. si, CJeaning Water to Screens and Pump Priming. 


choking may necessitate stopping the screen drive until it is dis- 
connected. Cleaning water may also be taken from the main 
circulating system. In large installations it is usual to provide two 
separately driven pumps, one being retained as standby. As a 
precaution against choking of the pump and jets, each pump can 
be arranged to draw its water through a self-cleaning twin strainer, 
whilst the inclusion of an interceptor on the pump suction ensures 
correct priming. 

The screens may be arranged for a numl>er of sj^eds by including 
a variable speed motor or gear box and in this way the screens are 
speeded up and freed from large accumulations of leaves or other 
floating debris. 

During cases of extreme emergency or screen failure one of the 
screens may be withdrawn and coarse screened vatoi- allowed to 
pass to the pump suction cliamber. 
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It may be unnecessary to run the screens continuously except 
during certain seasons of the year, but ppriodical running and atten- 
tion is necessary to keep the plant in working order. 

The screens may be fitted with automatic by-pass gates, and 
in the event of blockage of the faces the water passes via the gates 
and prevents collapse. The screen has a steel gate below water 
level, which faces the incjoming water ; under emergency conditions 
the gate automati(;ally opens and allows water to pass through the 
centre of the screen frame. The opening is brought about due to a 
predetermined difference in water pressure between the unscreened 
and screened sides of the band. Hand operation is also provided 
and there is no possibility of starving the circulating water pumps. 
Some idea of the sizes of water screens will be gathered from examples 
of two plants ; — 

(а) Band screen. Maximnni caf)acity 000, 000 gallons of river water 

per hour when iminorsod 12 ft. (lowest water level). 

Variation in water level, 20 ft. 

Overall length, 50 ft. 

8})ee(l, 0 to 15 ft. per in inn to. 

(б) (-up screen. Maxmuirn capacity 1,500, 000 gallons of river wai-er 

per hour when iniinersed 5 ft . (low(ist water level). 

Variation in water level, 7 ft. 

Diameter of screen, 15 ft. 

Sjieed, 9 ft. per minute. 

Figs. 77 to 81 indicate some usual ariangements. 

Cooling Tower System. Where the cooling water from a river or 
canal is limited it may be essential to jirovidc cooling towers to 
conserve the water. Due to losses caused by evaporation, leakage, 
etc., it is still necessary to have water available to compensate 
for this loss. Assuming the loss to be 1 per cent., then the make-up 
water required per hour in a 300 MW station would be between 
150,000 to 170,000 gallons per hour. This make-up may be taken 
from a river, sewage outfall or, in times of emergency, from a town 
main supply, the latter being Vather expensive. 

The system is similar in many respects to the river circulating 
system, the main difference being that the cooling water is alter- 
nately warmed and cooled and circulated continuously. 

The final inlet temperature to the condensers depends to a 
large extent on atmospheric conditions, and the temperature of the 
cooling water is mu(?h above that of a river. T3^pir*al layouts are 
shown in Pigs. 82 to 84. 

The cooling water required to carry off a given amount of heat is 
therefore much larger wlien cooling towers are (employed. Further, 
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the pumping power is considerably increased and more space is 
necessary to accommodate the pumps. Site conditions usually 
determine the layout to be adopted. A reservoir, suction chamber 



or culvert is arranged to adjoin the turbine house and may form 
part of the floor upon which the circulating water pumps are placed. 
The suction culverts should be proportioned to obviate any possi- 



bility of a vortex which will result in circulating water pump troubles. 
The suction chamber is connected to the cooling towers by means of 
culverts, penstocks being fitted at the tower end to isolate or regulate 
the water flow to the chamber. Manually operated penstocks are 
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quite suitable. The cooling tower pond level should be sujficiently 
high above the chamber level to give the necessary flow. Consi- 
derable quantities of sludge collect in the culverts and suction 
chambers and periodical cleaning is necessary. 

To enable cleaning to be carried out without closing down the 
station, the suction chamber culverts may be sectionalised by 
sluice gates so that any turbo-set may be taken out of commission . 
The position of the sluice gates will depend upon the disposition 
and capacities of the turbo-sets and cooling towers. The sluice 
gates may be of steelplate construction faced with timber to which 
hemp ropes are secured. 

A portable pump may be used for culvert cleaning, the sludge 
being mixed with water and the resulting slurry discharged through 





a pipeline to a dump. The pump has flexible lengths of hose for the 
suction and discharge connections. In order to rid the system of any 
dibris, such as wood chips, rags, etc., which collect during the con- 
struction work, a screen should be included at the tower end of the 
culvert. 

Cast iron is more suitable than mild steel for these screens, 
although I in. mesh expanded metal screens have been used. Duplex 
screens of ^ in. mesh X 14 S.W.G. copper wire cloth are also in use. 
If the water carries large quantities of paper, small wood chips, etc., 
particularly during the initial filling up, a series (two or three) of 
fine screens at the entrance to the suction chamber end of the culvert 
are justifiable. Should the towers be situated near trees, trouble 
may be experienced from falling leaves if fine screens are excluded. 
A screen at the suction chamber or culvert entrance also prevents 
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anyone having fallen into the pond from being carried into the suc- 
tion culvert. 

The make-up water should be discharged into the ponds of the 
cooling towers, so that it is screened before passing into the suction 
chamber. If the make-up be taken from a river, the screening 
plant will be much less for a cooling tower installation. Provision 
may be made to take advantage of excess water flow in the river by 
introducing it into the cooling water system and discharging an 
equal amount of warm water from the system into the river without 
this overflow passing over the cooling towers. 

Where sewage effluent is used, care should be taken to ensure 
that the cooling water is free from destructive acids otherwise 
trouble may be experienced with condenser and cooler tubes. 

Sewage effluent has caused, or it is thouglit to have been chiefly 
responsible for, the emission of large quantities of froth from the 
circulating water culverts. Probably the entrained air also assisted 
in the production of this irregular phenomena, which caused much 
inconvenience. Brick ventilating shafts were built at numbers of 
points in the culverts, and water sprays were included to keep down 
the froth. 

Chlorine treatment plant is also installed at the inlet of the 
sewage efflu(*nt. 

Spray Cooling Ponds. The simplest form of circulating water 
cooling is the open pond into which the warm water from the 
condensers is discharged and cooled by contact with the atmosphere 
on the pond surface. Atmospheric conditions play a large part in the 
degree of cooling obtained, further, a large pond area will give a larger 
degree of cooling, ^vhilst a deep pond will permit of a cooler supply 
of water to the pumps. Spray cooling ponds are used in small stations. 

Some of the factors which influence the rate of heat dissipation 
from a cooling pond are : initial temperature of the water entering 
the pond, atmospheric temperature, relative humidity, wind velocity, 
solar radiation, earth temperature and atmospheric pressure. The 
two latter items can for all practical purposes be neglected. 

The surface area required will depend on the location, and 
the ponds should be placed where the prevailing winds are not 
obstructed by buildings, etc. The evaporation will be less in cold 
weather than in hot. 

To limit the sizes of ponds, the water to be cooled is distributed 
over the ponds by pipes and sprayed through nozzles. The pressure 
is sufficient to break up the water, causing it to fall in the form of fine 
spray. In this way evaporation is expedited by increasing the 
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surface in contact with the air. A considerable percentage of water 
may bo carried away in suspension in the air when high winds 
prevail in addition to the loss due to evaporation. 

Sea Water System. Tliis system is similar in all respects to 
the river and canal system. In one station, because of the saline 
nature of the circulating water, all screen guides, piping, condenser 
water boxes and pumj) casings were fabricated from 2 per cent, 
nickel-iron alloy, which has shown-greater resistance to graphitisation 
than ordinary cast-iron in bra(‘kish waters. The slight increase in 
cost is justified by its longer service life. All ferrous metal surfaces 
were Parkerised before being painted. 

There are instances where coral growth has taken place and this 
has been attributed to the deposition of coral from ships’ bottoms 
carried from coral-boaring water. 

Mussel growth in the circulating water pipework and culverts 
imi)cdes the water flow, and unless precautions are taken to prevent 
undue accumulation serious trouble will be experienced. Mussels 
can breed at an alarming rate in the pipes, culverts and channels. 
In one station during a single cleaning period it was quite common to 
remove some 4(K) tons of mussels. ( Jontinuous chlorination eliminated 
this trouble. Spawning took place in winter as well as in summer 
and once the spawn became established and growth commenced 
chlorination did not appear to prevent further development. 

Various methods have been tried, some of which arc : — 

(a) Cheirn(*al troutmeiit of water. 

(b) Raising the tcin])erat.ure of water. 

(c) Poriodioal (‘hanging of the flow in the pipe lines, 

((/) Maintaining a rc^latively liigli water velocity. 

(e) Inserting a cleaning })fxll in pipe line. 

Mussel growth may even take place in the condenser water 
spaces and end boxes, and under favourable conditions a mussel 
grows to a length of 3 mm. in about four weeks from the time of 
adherence of the floating spawn to the surface. 

Tt is claimed that method (6) is very effective and simple to 
carry out, providing the necessary pipework cross -coimections are 
included and the intake and discharge pi|)es or culverts can be 
transposed. The by-pass or re-circulating connection should 
preferably be as near to the sea end of the pipe lines as is practicable. 

The heated sea-water is circulated repeatedly until a temperature 
•is reached which is fatal to the young mussels and spawn. 

It has been found that mussels cannot survive on sea-water at a 
temperature of 100® F. to 120® F. for more than one hour or there- 
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abouts. The time of survival at any temperature increases with the 
size (or age) of the mussel and for a mussel of 3 mm. in length a 
temperature of 110° F. is fatal after about half an hour’s exposure. 
The reproductive cycle ceases when the temperature of the sea-water 
falls below 60° F. 

Re-circulation may be effected by by-passing (Fig. 86) the 



Fig. 86. Typical Layouts for Re-circulation or Reversal of Circulating 

Water Flow. 


discharge back to the inlet until the desired temperature is obtained. 
This temperature can then be maintained by regulating the amount 
by-passeci and the amount of cold inlet which is added. In this way 
the intake and discharge pipes between the station and the by-pass 
will be subjected to the desired temperature and the water in the 
remainder of the discharge pipe or culvert will gradually be raised to 
this temperature, as the surplus which is not by -passed finds its way 
to the discharge end and expels the cooler water from the pipe. 
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The time taken to cjomplete tlie process clopeucls on the total length 
of the pipework, the position of the by-pass and the time necessary 
to attain the desired temperature. 

The mussels do not become dislodged immediately after treat- 
ment, but may take some days before decomposition takes place, 
when they readily fall away. It has been suggested that the complete 
circulating water system should bo so treated once every four weeks 
during the spawning sesilfeon, which normally extends from March to 
October, inclusive. 

All sections of the pipework system are regularly treated, 
otherwise, if sections are neglected for long periods, when treated they 
release mussels and growth large enough to choke condenser tubes. 

The layout of the pumps, piping, culverts, valves, etc., should 
be such that changeover or by-pass operations are simple. 

In the case of culverts, provision should be made for cleaning, 
the necessary isolating sluice gates being included. 

With pipe lines a number of ample-sized cleaning and inspection 
doors should be j)rovided. The capital cost is higher than for 
chlorine treatment, but the fixed charges on this capital are less 
than the annual cost of the supply of chlorine for one station. 

In some installations sterilising the water by chlorine treatment 
has proved effective in keeping the deposition of spawn down to a 
minimum. It has been suggested that traces of silver in circulating 
water are more effective than chlorine in the suppression of marine 
growths. The silver is imparted to the water by means of suitable 
silver electrodes and, used with discretion, it is possible to destroy 
these growths at very little cost, since it is only necessary to use it 
periodically whereas chlorine treatment may be continuous, depend- 
ing on the conditions. The advantages of silver treatment are the 
very simple and comparatively cheap form of equipment, whilst 
pipework, tanks, etc., associated with chlorine plants are unneoes- 
sary. 

The insertion of a wood ball in the pipe lino has proved effective 
in maintaining a clean line by freeing it of mussel growth. The ball 
is small enough to permit of it passing along the line with two or 
three main pumps running. Provision has to be made for inserting 
and removing the ball from the pipe line which in some cases is only 
once per year. An inflated rubber ball with enclosing chain having 
a diameter slightly greater than that of the pipe is useful. The ball 
is inserted in the pipe and carried through by water flow, cleaning and 
scouring as it moves along. 

Water Treatment. Examples of growths or deposits taking place 
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in river and canal systems have been found particularly where 
process works discharge into the river, from which cooling water is 
drawn. These take place in spite of the fact that the discharge from 


Fig. 86. Chlorination Plant (Paterson Eng. Co, 
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the works has been previously treated to comply with the River 
Board Regulations. 

Cooling water from large and small rivers and canals almost 
invariably contains vegetable matter and micro-organisms known as 
algae, and as the temperature of the water increases these organisms 
multiply. Cooling tower systems, especially where sewage effluent 
is used for make-up, may also be subject to like growths. A slimy 
lining is formed on the tube surfaces to which suspended particles 
in the cooling water readily adhere and in a short time reduce the 
heat transfer efficiency. Chlorinating plant is designed to prevent 
the accumulation of low heat transfer deposits on the condenser 
tube surfaces which arise from the cooling w^ater, thereby ensuring 
maintenance of optimum vacmum and economy in fuel consumption 
and permitting the gene^rating plant to be run to a continuous 
operating schedule by obviating the need for periodic shut-down 
for condenser cleaning. The intermittent desliming j^rocess, which 
economises in chlorine consumjdion, is effected by a})plying the 
chlorine at intervals with the obje(*-t of destroying and dislodging 
any micro-organisms which may have adhered to the tube surfaces 
between treatments, but l^efore any appreciable development or 
attraction of suspended matter from the water has taken place. 

TJie treatment of circulating water with a small proportion of 
chlorine gas checjks the development of the organisms and pre- 
serves the tubes in a clean and efficient condition which is conducive 
to high station efficiency. 

The process has been applied to sea systems to j)revent mussel 
growth in pipes and condenser circuits. It is not always possible to 
use chlorination on river systems owing to the fishing rights held by 
river authorities. 

The growth of algic and weeds (green and slimy) upon (jooling 
tower stacks can also be (ihecked by chlorine treatment. 

Fig. 86 shows a ty2)ical form of chlorine treatment plant. 

The Paterson Eng. Co, have chlorine plants in three general 
types 

(1) “ Pulser ” : 10 lb. of chlorine per 24 liours. 

(2) “ Manometer ” ; over 10 lb. of chlorine per 24 hours. 

(3) “Automatic ’’ wliicli (controls the rate of ciilorination addition to the 

water automaticaJly in direct ratio to the main flow passing through 
a Venturi meter. 

0- 5-6*0 lb. of chlorine per liour — 50,000-600,000 galls, per hour, 

0*5-30*0 lb. of chlorine per hour— 50,000 -3 X 10® galls, per hour, 

on the basis that 1 part per 1,000,000 is re(^uired, but in practice a figure of 

0*5 part per 1,000,000 or less is rerpiired. 



CIRCULATING WATER SYSTEMS 


145 


Charae t eristics chlorine gas are : — 


Temp. 

Pressure in Cyllniler 

"F. 

p.s.i. 

32 

54 

41 

03 

50 

73 

08 

85 

59 

98 

77 

112 

80 

128 

95 

140 

104 

170 


A new cjylinder of gas will be required when the pressure falls 
to 4 p.s.i. on regulating valve gauge. 

The intermittent system may be adopted in which it is desirable 
to arrange that the smallest possible surface area, apart from 
the condenser tubes, comes into contact; with the chlorinated 
water. Long pipe lines and (diverts impair the efficiency and 
increase the chlorine (*onsumption. To obtain best results the point 
of chlorine application shotild be close to the condenser. Messrs. 
Wallace and Tiernan use an intermittent system to each condenser, 
the chlorine solution flowing through a mild steel hard rubber-lined 
pipe with auto-motor operated valves for injection control. Where 
the condensers are of varying capacities an auto -controller is included 
which changes the dose to conform to the flow's of circulating water. 
The cost of the intermittent system is higher than the continuous 
system but there is an appreciable saving in chlorine for similar 
maintained condenser efficiency. 

Trouble was experienced at one station froni a fungus-like 
growth which reached a remarkable size in a very short time and 
almost caused comj)lete stoppage of the tubes. Jt was found that 
the trouble was bacterial and due to the effluent from a sugar beet 
factory higher upstream, which w-orked for some 100 days per 
annum. Chlorinating plant overcame the trouble. 

The escape of chlorine gas at joints, etc., should be avoided as 
such gas can be dangerous by overcoming attendants. The gas 
is heavy and always falls so that testing witli ammonia in a bottle 
should always be commenced at the uppermost joint and then work 
to the lower joints. A leak is readily shown by the giving off of a 
perceptible vapour. 
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In flood periods river water carries large quantities of sand and 
gritty material, and this cleans tho condenser tubes. A deposit 
which has been gradually increasing to such an extent as to impair 
the heat transfer, thereby reducing the vacuum to a noticeable 
degree, will be almost cleared by this grit. 

The water in a cooling tower system may, after a period, become 
acid due to the chimney gases blowing down on to the ponds and it 
is advisable to keep a check on this. The treating of cooling tower 
water systems with a small amount of copper sulphate has proved 
effective in ridding the towers of growths of green matter and also 
maintaining the condenser tubes free from algae. It has been 
suggested that the burning of sulphur at the base of a cooling tower 
will produce mild sulphuric or sulphurous acid and so counteract 
the alkalinity of make-up water. 

Payment for Cooling Water. It is difficult to obtain informa- 
tion on this matter for some river authorities do not charge for water 
used by power stations, whilst others make a nominal charge. In one 
case a payment of £100 per annum is made without prejudice and 
without denial of liability. Another supply authority pays £150 
per annum for a period of 25 years in respect of the use of water for 
condensing purposes for steam engines or turbines of 1,200 h.p. 
and 1/- per annum for each additional h.p. 

The charge for cooling water taken from one canal was 0’002d. 
per kWh. in 1911, but was increased to O-OOSd. in 1950. 
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COOLING TOWERS 

The demand for electric power has increased to such an extent 
that it is now no longer justifiable to restrict large power stations 
to riverside sites. The trend is to erect stations as near as possible 
to the centre of gravity of the electrical load by the use of large 
and highly efficient cooling towers. The function of the tower is to 
dissipate into the atmosphere the heat contained in circulating 
water, the heat being extracted by (1) evaporation and (2) con- 
vection due to direct contact between the warm water falling 
through the interior irrigation of the tower and the incoming cold 
air. Cooling by evaporation is the greatest, and dryness of atmo- 
sphere, low atmospheric pressure, high temperature of water and 
air, and rapid renewal of the air in contact with the water increase 
the process. C!ooling takes place more rapidly in breezy weather 
when cold air quickly replaces that which has been warmed by 
contact with the water. The general principle is to distribute by 
means of troughs the warm water coming from the condensers and 
transform it into fine spray which will fall from a series of laths or 
hurdles and cool clown by coming into contact with the ascending 
air. The upward movement of air is brought about by the increase 
of its temj)eraturc and the production of steam lighter than dry air. 
Part of the tower interior is packed with wooden hurdles, laths and 
distributing trays for spreading the water to be cooled. The bottom 
of the tower is open to the atmosphere and a receiving pond is 
directly below. The circulating water is pumped to a height of 
from 30 to 40 ft. above pond bottom where it enters the cooling 
tower stack and is then distributed over trays, laths and hurdles. 

The vapours rising from the hot water create a draught of cold 
air rising from the bottom upwards through the tower. This cold 
air meets the descending spray of hot water and cools it, the water 
falling in the form of cold rain into the pond, from which it passes 
on to the suction culvert and so to the condensers for cooling pur- 
poses. A novel use of water from cooling towers is for swimming 
bath service when the baths are close to the station site. This 
effects considerable saving in the heating installation of the baths, 
whilst there is an abundant supply of clean, pure and soft water 
heated to the correct temperature. 

Use may also be made of the height of the tower for providing 
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the desired static liead in counectiuii with fire-%hting equipment 
of the water sprinkler types. This is a(;comi)lished by the inclusion 
of an elevated catch ” culvert round the inside periphery which is 
part of the tower construction and normally takes its supply from 
water condensed on the inside wall above. An overflow pipe led 
outside the tower will indicate when the (advert is full and by 
providing pumj)ing ccpiijiinent it can be maintained full whether 
the tower is in or out of servicje. 

The cooling process is very complex, and the correct size of 
cooling tower for any given conditions, although of ])rimary import- 
ance, is not easily determined owing to the variable factors to be 
considered. 

The problems to be considered are : — 

(1) The boat to bo dissipated in tJie condenser under specified conditions 
of vacua (usually varjdng from 28 to 29 in. Hg.) and the inlet and outlet 
temperatures of the condenser or the auionnt of steam to be condensed per hour. 

(2) The most economic* vaenum. 

(3) Tlie (piantity of cooling wat(3r re(|uiro(l. 

(4) The heat-load for whi(!h the towers should he designed. 

(5) The average atmospheric; cxaiditions for the wet-hulb temperature 
represents the lowest temperature that can be tlieoretically attained and tower 
performance is geiKTally comi)ared with this temperat ure. 

(6) 'fotal heat to he exhausted from the circulating water and the ratio 
of cooling water to steam condensed. 

(7) Design, degree of cooling and situation 

When designing a cooling tower station it is essential that the 
condenser design should be (considered side by side with the cooling 
tower if an economical (;ombiiiatiou is to be obtained. T. J. Gueritte 
writes in his ])aper, Recent Developments in the Design and 
Working of Cooling Towers ’’ (Soc. (/.E. France), “ There is first, 
direct exchange of heat between tlie ascending air and the falling 
drops, through c(jnvection. Then there is cooling (and to a much 
greater degree, generally speaking) produced by the evaporation 
over the whole surface of the water drops. It is known that evapora- 
tion (ui the c(mvex surface of a dnjp is so intense that it may take 
place even in an atmosphere which contains already sufficient 
dampness to ])rovoke a condensation upon a plane surface. (Sir 
W. Thompson). Such rapid evaj^oration induces an important 
cooling. Further, the steam so produced being lighter than air, 
this will intensify the draught ; it will be realised therefore that 
such evaporation is highly important. There is some further 
cooling by evaporation, on the face of all wet parts of the laths and of 
the supports of the internal woodwork. 
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“ The evaporation from all these causes is greater when the air 
coming from the outside is warmer but dryer than when it is cold 
but already almost saturated, and experiments have proved that a 



cooling tower gives a better cooling wJien tJie air is wann but dry 
than (luring a cold damp day/’ 

The lieat transfer in towers consists of two separate stages, viz., 
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latent heat and sensible heat transfer, and may be combined to a 
very close approximation by considering the difference of the total 
heat between the free air and saturated air in contact with the water 
to be the potential causing both types of heat transfer simultaneously. 



Some of tlie factors which affect the cooling action or exchange 
of heat are ; — 

(1) Temperature of the air. 

(2) Humidity of the aii\ 

(3) Temperature of the lieated water. 
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(4) Size and height of tower. 

(6) Degree of uniformity of the distribution of the descending water or 
intensity of downpoiu*. 

(6) Velocity of air entering tower. 

(7) Accessibility of the air to all parts of the cooling stack. 

Pigs. 87 and 88 indicate the general system. 

The upper distribution system shown in Fig. 89, is suitable 
where the water load is variable. The air meets water under maxi- 
mum head in trough whatever the water load. Shortage of water 




Fig. 89. Cooling Tower Water Distribution Systems. 

may be pronounced at the centre of the tower. The second system 
is suitable where the water load on tower is steady and it would 
appear that it can be arranged for the water to be distributed at 
the outer portions of the stack and so obtain improved cooling. 
A third system is to have a central chamber inlet with radial dis- 
tribution troughs carrying the water to the periphery of the stack. 

Theoretical Considerations. In the distribution system (Figs. 90 
and 91) the water is broken into very fine rain and the air currents 
are so disposed that the maximum possible saturation of the air 
has taken place when leaving the top of the stack on its passage 
up the chimney of the tower. It is usual to specify the duty of a 
cooling tower as in the following example : — 
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The cooling tower sliould be capable of reducing 4,000,000 
gallons of water per ])our from a temperature of 90° F. to a tempera- 
ture of 78"' F. when the tcinperatun' of the surrounding atmosphere 
4 ft. above ground level is (50° F. dry bulb in the shade and the 
relative humidity 80 per cent,’' The performance of a tower may 
be described as the quantity of water cooled through a specified 
range, allowance being made for the atmospheric conditions, a 
lower air temperature usually implying a lower temperature of 
the re-cooled water. The condenser vacuum would be impaired 
during foggy weather and experience show^s that dry air, even if 



Fig. 00. Dintributiou Troiigli and Pipes on Top of Stack. (Davenport Eng. ( ’o. Ltd.) 

warmer, cools better and explains wdiy the performance of a tower 
is better in the morning when the air, although warmer, is generally 
drier than during the night, when the temperature is low but the 
atmosphere damp. In certain climates the river water temperature 
may be higher in the wdnter than cooling tower water and lower in the 
summer. The most important consideration is to have the cooling 
tower correctly designed and of ample size to cool within, say, 
10° to 15° of the w et bulb temperature under the worst atmospheric 
conditions. The figures obtained are usually much liigher although 
in a modern concrete tow^er the cooling zone near the concrete 
shell usually re-cools the water to within 4° or 5° of the wet bulb. 

The number of degrees from the wot bulb to which the water 
can be cooled is dependent on the water loading per sq. ft. and the 
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wet bulb temperature obtaining, and the liigher it is, the nearer the 
re-oooled temperature to the wet bulb. Suitable cooling taken at a 
wet bulb of 55® F. is 73® F. with an inlet of 87° F. The average wet 
bulb for this country is 51® F. The purpose of a cooling tower is to 
extract from the curculating water a quantity of heat equivalent to 
the amount given to it by the condensation process. The tempei*a- 
tures of the circulating water at the inlet and outlet are therefore 
variable and will adjust themselves to the running of the turbine 
plants, atmospheric conditions, etc. 

The relative efficiency of the cooling tower used translates itself 
into the raising or lowering of the temperatures themselves, the 
difference remaining tlie same. The efficiency of a tower may be 
(ionveniently expressed as : — 

Water Inlet Temp. — Water Outlet Temp ^ inoo/ 

Water inlet Temj). — Wet Bulb Temp. ^ ^ 

In a highly efficient (tooling tower it may be possible to obtain 
und(u' given atmospheric conditions a cooling of 18® (from 83° to 
05° F.), whereas the use of a poor tower might result in the tem- 
peratures fixing themselves, under the same conditions, at 92® 
inlet and 74® F. outlet. 

Performance cuiwes t)f the Van fterson (Prof. F. K. Van Itcrson — 
Director of the Dutch State Mines at Heerlen, 1 924) tyj)e are supplied 
which show the tempiTature of the re-cooled water when the volume 
of the water circulating in llio tower is 50 2 )er cent., 75 per cent., 
100 per cent, and 125 ])cr cent, of the normal full load rating with a 
range of cooling varying from 0® to 18® F. at an atmospheric tem- 
perature (dry l)ulb) between 28® F. and 95® F. with a correction 
(furve for detennining the temperature of the re-cooled water for 
various humidities between 50 j)er cent, and 100 per cent. The 
curves are drawn on sectional paper and of siujh scale to enable a 
reading to yY)° observed. A curve is also submitted 

showing the amount of make-up water in gallons per hour that will 
be ]iecessary to maintain normal water level in the cooling tower 
pond when the amount of \vatej* circulating, range of cooling and 
atmosj)heric conditions arc as specified above. The follovdng figures 
stated as a percentage of normal (capacity are (common with large 
towers : — 

Make - 111 ) water required . . . 100 per cent. 

Loss due to evaporation . * . . 0-99 ,, 

Jjoss due to spray or mist. . . 0*01 ,, 
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The amount of make-up due to evaporation, spray, etc., may 
be estimated from Qjjf = (Tj — T^)) X 0*1 per gallon of water in 
circulation. This is only approximate but near enough for practical 
purposes. The quantity of water evaporated by a tower will depend 
on the amount of heat rejected to the cooling water or in other 
words the quantity of steam passing to the condensers. The water 
evaporated is usually about 90 to 95 per cent, of the steam condensed. 
Further information is given in Vol. II, Chapter X. 

The quantity of water evaporated in the towers amounts to 
approximately 0-5 to 0*6 gallon per imit generated. In passing 
through the tower the cooling air picks up moisture and conse- 
quently there is a continuous removal of circulating water. 

The condenser heat transferring surfaces will become coated with 
deposit or scale if the water in the system is permitted to concentrate 
indefinitely. The cloud of vapour which is visible at the top of any 
tower is evidence that water is being last to the system. The loss 
is steam — pure distilled water — ^whilst the make-up is water together 
with its dissolved solids. Like a boiler, this continual evaporation 
causes a gradually increasing concentration of dissolved solids 
which necessitates the cooling-water system being deconcentrated at 
regular intervals. If such a procedure is not carried out the cool- 
ing water becomes saturated with calcium carbonate and scale is 
deposited. 

To keep the permanent hardness of the circulating water withm 
prescribed limits it may be necessary to blow^-down the system by 
varying amounts according to the inherent hardness of the crude 
make-up water. When the amount of make-up water is limited the 
use of a softening process to remove the hardness from the water 
before it enters the system is often useful. Cooling tower timber 
may be adversely affected by the alkalies introduced to neutralise 
the acids which would otherwise attack the metals involved. 


Table 1 1 . Cooling Tower Teats 


Test No. 

Guarantee 

Figures. 

1 

2 

3 

Air temperature, ® F. . 

611-8 

62-6 

65-1 

64-0 

Humidity, per cent. 

7.5 

42 

37 

43 

Water flow through tower, g.p.h. . 

1,980,006 

2.900,000 

2,250,000 

1,670,000 

Inlet water. “ F. . . . 

100-4 

90 3 

88-7 

86-0 

Outlet water, ® F. 

82-4 j 

76-0 

750 

70-7 
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For calculation purposes it is usual to assume that the air 
|>asses up the tower at a velocity of about 300 to 450 ft. per minute 
(velocity at top of stack is about 320) and that it leayes the 
top of the tower at the temperature of the warm inlet water and 
saturated with moisture. Air issues from the tower at a tempera- 
ture of about 70° P. In this way the amount of air required to cool a 
given quantity of water through a specified difference of temperature 
can be estimated and from this data the area of the tower necessitated . 
The relative humidity may be estimated by using wet and dry 
bulb thermometers. The principle of this hygrometer depends 
upon the lowering of temperature due to evaporation of water. 
When the surrounding aii* is very dry the water evaporates fairly 
rapidly from the muslin and the bulb is cooled, thus the reading of 
the wet thermometer will be a few degrees lower than the dry 
thermometer. When the surrounding air is already damp the 
evaporation is slower and the cooling of the wet bulb is less pro- 
nounced. If the surrounding air is saturated no evaporation takes 
place and the readings of the thermometers are identical. The 
difference in the readings of the wet and dry bulb thermometers is a 
measure of the degree of dampness of the air. As the rate of evapora- 
tion depends upon the actual temperature as well as upon the 
humidity obtaining, the indications of the instrument do not take 
into consideration all possible circumstances and the dew-point or 
the humidity has to be deduced from meteorological tables. 

Glaishers’ Tables or Factors are used in the equation D = T^ — K 
(T. - TJ 

where D . . temperature of the dew-point. 

. . temperature of the dry -bulb thermometer. 

T,,, . . temperature of the wet-bulb thermometer. 

K . . Factor, see table. 



The relative humidity 


pressure actually exerted 
pressure exerted if the air were saturated 
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pmssuro in nun. con'iusponding to teinporaturo 
pressure in inin. eorrosponding to temperature I). 


Table 13. Maximuni Pressure of Aqueoufi Vapour 
(The pressure p is given in mm. of mercury) 


Temp. ® h\ 

P 

Temp. ® b\ 

V 

Temp . ® r. 

P 


4 ns 

51-8 

9 85 

71-0 

19-84 

3:r8 

4-92 

53 (» 

lO-,52 

73 4 

21-09 

3r)« 

5-29 

55 4 

11 24 

75 2 

22 40 

37-4 

5 OS 

57 2 

11 99 

77 0 

23 78 

39 2 

0 10 

.590 

12-79 

78-8 

25-21 

410 

(j 54 

GO -8 

13 04 

80 -G 

' 20 77 


7 01 

G2G 

1 \ 54 

82 4 

28 38 

44 () 

7 51 

G 1 4 

15 49 

84 2 

.30-08 

4(>*4 

8 04 

GG-2 

IG 49 

SG 

31-80 

4S-2 

801 

G8-0 

17-55 

104 

55-40 

50-0 

9-29 

G9-8 

18-00 

122 

92-00 


The height of the inlet to tJie tower plays an important part in 
the tower duty, the higher tlie inlet the greater tlie capacity of the 
tower, altliougli tlie pumping and tower crusts will be greater but 
t]}ere is a saving in land. The quantities of water to be dealt with 
by a tower may be estimated from the temperature drops through 
the condensers or alternatively by using a pitot tube which by 
measurement is within 2 jier (jent. 

In one station the (jooling towers were designed for a vacuum of 
28 in. Hg. with average conditions of 00° F. (dry bulb temperature) 
and 70 per cent, humidity whicdi necessitated 31,500 gallons of 
cooling water per minute for a 50 MW set operating at maximum 
rating under feed -heating conditions. At an economic rating of 
40 MW the vacuum fibtaiuable would approach 28-25 in. Hg. 

In another station tlie towers were designed for a vacuum of 
28 in. Hg. with average atmospheric conditions of 60° P. dry bulb 
in the shade and relative humidity of 80 per cent, wdiich necessitated 
a flow of 46,400 gallons of cooling water per minute for a 50 MW 
set operating at maximum rating under feed-heating conditions. 
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An outlet temperature of 80° F. was assumed in the second 
example. 

At a rating of 30 MW with feed-heating the vacuum obtainable 
is approximately 28 *4 in. Hg. It may be mentioned that under 
atmospheric conditions of, say, 60® F. dry bulb temperature, cooling 
towers for a vacuum of 29 in. Hg would be impracticable. 



Fig. 01 . Sprays discharging from Distributing Fijios. 


Table 14. Cooling Tower Tests 


'fower 1 

1 

2 

3 

■ i 

C’-irt‘ulatiiig wat(‘r to tower, gallons per 

lu)ur . . . • * c, 

Mean tornporatuic of water to tower, h . 
Ditto from tower, 

Wet bnlh teini>eraiur(), °F, . 

Dry bulb temperature, . . 

Calculateii humidity, per cent. 

2,736,900 

91-40 

77-66 

59-6 

65-1 

72-2 

i 

3,480,800 

90-84 

77-22 

40-7 

42-7 

84-5 

1 

1,550,000 

830 

70-8 

41*0 

43-7 

88-0 


Types. C\H>]ing towers for powder station service are ol tlie 
following types ; (1) Timber. (2) Ferro-concrete, the latter being 
TOed on ali large capacity stations. (3) Multi-deck concrete towers. 
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(4) Special concrete water tower type which is claimed to be highly 
efficient, the height being considerably less than the hyperbolic 
type for the same output. (6) Forced draught towers. (6) Induced 
draught towers. Timber is used for small towers, but has a number 
of disadvantages, some of which are ; — 

(1) Tendency to rot and deteriorate due to exposure to wind and water 
under alternate dry and damp conditions. 

(2) Maintenance charges are relatively high and the life of a tower may 
be comparatively short. On the other hand, many towers are still giving 
good service after 25 to 35 years with reasonable maintenanc^e charges. 
The water capacity per sq. ft. of ground area is between 50 to 70 gallons per 
hour. 

(3) Greater risk of fire, particularly during construction periods, 

(4) Where a large number of small towers are required the efficiency of 
some of the towers may be impaired due to their positions. 

(5) The design, construction and layout, speaking generally, does not 
facilitate air circulation. 

The inlet water enters the tower at a lieight varying from 18 
to 20 ft. above sill level although 27 to 30 in. is common on concrete 
towers. 

Ferro-concrete towers are now universally adopted for all large 
stations. Individual towers capable of dealing with 5,000,000 
gallons of cooling water per hour have been constructed and proved 
satisfactory. 

The advantages of this type are : — 

(1) Lai’ger capacity tuwers are possible, thereby bringing about a reduc- 
tion in area of land required. On irregular shaped sites it is possible thnt 
equal capacity can bo obtained with wood towers. 

(2) Improved draught and air circulation are obtained due to in(*Tease<i 
height and better shape, resulting in higher efficiency. 

(3) Maintenance charges are low. 

(4) Fire risks are minimised. 

(5) Cost of pipework and valves is reduced. 

(6) Withstands bomb blast. 

(7) Higher water rate per sq, ft. — 100 gallons per hour and over. 

(8) A wide base leads to stability under wind pressure, double curvature 
resists buckling and shearing stresses in the structure due to its own weight 
are suppressed. 

The hyperbolic natural draught towers common in European 
practice are not feasible in U.S.A. because the summer time dry-bulb 
temperatures is so much liigher. 

A disadvantage of ferro-concrete cooling towers is the high 
initial cost. 

Multi-deck towers have been suggested with a view to taking 
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advantage of the improved performance in the annular zone and 
80 obtaining a lower outlet temperature from the tower. Re-cooling 
to within 5° of the wet bulb is possible near the concrete shell. In 
both concrete and timber towers the filling material occupies 
between 4 to 5 per cent, of the void in which it is installed, whilst 
about 4 to 5 sq. ft of stack surface area is required per B.Th.U. per 
second dissipated from cooling water. The heat to be absorbed by 


air inflowing up tower, = W X 10(Toc — Tj^j) 

= 10W(Tj - Tq) B.Th.U.s per hr. 
where W = circulating or cooling water g.p.h. 

H 

Total air required per hr. lb. = 

Hjy — nett heat carried away from tower per lb. of air flowing through 
it. (Difference between inlet and outlet air conditions.) 
Weight of circulating water 

jj 

evaporated per hour per lb. = ^ . Wj 

Wj = increase in weight of vapour per Ib. of air flowing 
through tower. 

Q = ^ - gallons per hour. 

Jljy 10 


Take for example cooling towers having a capacity of 5 m.g.p.h. 
and assume a rise through the condenser of 15°. 

3-30 MW turbo-alternators, 600 p.s.i, 850° F. 

Heat consumption 10,500 B.Th.Us. j)er kWh. (M.C.R.) 

Energy to busbars 3,412 ,, ,, ,, 


Heat to cooling water 7,288 


say, 7,300 B.Th.Us. 

P . H - Q(T, - To) 
P.7,300 = 5. 10«. 10. 15 


P =kW 

1 gall, water = 10 lbs. 


_ 5 . 10’ . 15. 

^6b 

= 102,000 kW. 


As check 950/1,000 B.Tli.tt./lb. ofsteam rejected to cooling water. 

Steam condensed /kWh =7*3 lb. 

Heat to cooling water = 7-3 x 1,000 

= 7,300 approx. 
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With woodon towers 75'’ F. re-cgoled circulating water temjjera- 
ture is possible giving a vacuum of 28 in. Hg, whereas with concrete 
towers 70'^ F. and a vacuum of 28*5 in. Hg. can be obtained. An 
average winter figure of 28-75 in. Hg. — 66° F. re-cooled water tem- 
perature is usual. 

Some wooden towers liave been fitted with lightning points 
and conductors but there appears to be little need for them except ' 
where the towers are likely to be out of service for considerable 
periods. Cases are on record where dry towers have been damaged 
by lightning. 

Ferro-concrete Towers. The hyperbolic ferro-concrete tower 
offers little or no impedance to air flow, and when arranged 
in groups there is no trouble due to eddies or local depres- 
sions. The construction is good from a structural point of view 
and also provides and regulates adequate air draught as the air 
streaiUvS are directed towards the vertical axis of the tower. The 
tower consists of a smooth reinforced concrete shell wliich, depending 
on the capacity, may extend some 260 ft. above the pond level. 
This construction offers greater resistance to wind pressure, elimi- 
nates shearing stresses and internal bracjings, thus avoiding the 
formation of eddies. Further, the liglitness of the shell saves founda- 
tion work, and ground loadings of 1 ton i)er square foot and under are 
possible. The tower pond, outlet staircases and gangways are 
constructed as one unit. 

The shell (1:2: 4/| mix and not less than is supported on 
specially arranged reinforced concrete columns designed to offer a 
minimum resistance to air flow through the chimney. Those columns 
take the shear. 

In the vicinity of private property tow ers should be so designed 
that the emission of moisture in the form of spray from the chimney 
is reduced to an absolute minimum to avoid nuisance. Complaints 
have been recorded from householders that a nuisance was caused 
due to condensation of moisture from nearby cooling towers. At 
times the housetops were swimming with water and heavy froth, the 
descent of the vapour varying according to the humidity of the 
atmospheie. During winter months trouble may be experienced 
from ice building up around the tower and ice deposits on nearby 
roads may necessitate salting or ashing. It is sometimes neces- 
sary to remove some of the stack timber to facilitate the passage of 
air and so reduce the precipitation outside the top of the tower. 

With the hyperbolic tower the widening of the top of the chimney 
permits of condensation taking place within the tower of a certain 
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amount of the water evaporated at lower levels. The velofity of 
the rising air within the chimney is diminished before exit thereby 
avoiding eddies around tlio to]). A i’urther method of trying to 
minimise emission of spray is the inclusion of a number of oj)enings 
in the upj>er portion of the chimney. It is claimed that the 
suction caused by the draught induces a quantity of cold exterior 
air through the openings and pro- 
vokes condensation of the interior 
steam rising in the chimney. The 
effect of such openings depends to 
an extent on the wind and some 
tower designers do not recommend 
them. One maker fits inclined 
cement pipes with back-valves into 
the top part of the tower which 
admit air to the rising vapour, thus 
causing precipitation within the 
tower, at the same time preventing 
escape of vapour tlirough the pipes. 

Originally it was thought that 
precipitation was caused mainly 
by condensation from the moisture- 
laden air discharged from the 
top of the tower. The precipita- 
tion is usually the result, not of 
condensation, but of droplets of 
water carried over by the air stream 
leaving the tower. An eliminator 
consisting of a louvred wooden 
screen and placed some 10ft, above 
the internal stack appears to be 
effective in eliminating the drop- 
lets carried upwards. This screen 
or eliminator is fitted horizontally to cover the entire cross-section 
of the tower. Tests show that an efficiency of droplet removal of 
between 90-95 per cent, is possible. 

Near the base the cliinmey spreads out, all the water falling into 
the pond without the use of louvres which obstruct the ingress of air 
by decreasing the pressure drop across the tower. Large towers 
can be arranged so that it is possible to work either half oi the cooling 
stack alone. The towers have two inlet conduits which serve a 
number of water inlets arranged to give the most efficient distri- 



Ki«. l>2. Heiriforcod Concrete Cooling 
Tower of million g.p.h. eapacity. 
(llie Da\'enport Engineering Co. 
Ltd.) 
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butiOH of water over the whole area of the cooling stack. In some 
cases a double annular conduit formed with the shell is used and is 
designed to maintain the same velocity of water in both the 
interior and exterior conduits. This is obtained by making the 
cross-section of the exterior conduit twice that of the interior 
conduit as the former discharges in either direction into the latter. 
The water is taken to the tower by a pipe, or reinforced concrete 
culvert, which divides, each half running to its respective conduit. 
Spun concrete pipes are more costly than sections cast in situ. 
The discharge water culvert can be supported on reinforced concrete 
columns and run directly above the suction culvert. The discharge 
culvert may be taken straight into the tower from which 4 in. bore 
asbestos cement pipes distribute the water across the stack (Fig. 90). 
A manhole is provided to give access to the culvert inside the tower. 
With this arrangement the tower cannot be operated in halves. 
Each pipe can have a valve to enable half of the tower to be 
isolated for inspection and maintenance purposes. Valves are 
arranged for electrical and manual operation. The internal timber 
cooling stack is supported independently of the shell and is con- 
structed in such a mamier that in the event of any movement the 
weight or pressure is not thrown on the shell structure. The Film 
Cooling Tower Ltd. have laths inclined in the direction of their 
length supported between stack posts by rails, the water flowing 
along these laths from top to bottom. Concrete laths have been 
used and compare favourably with wood but are more costly. The 
rectangular laths are larger than the usual triangular wood laths 
but the surface area is greater. 

The timber work such as posts, bearers, louvres, trough frames, 
etc., are of pine, and the water-distributing trough of red cedar or 
red deal ; concrete is also used. Nails, if used, should be gal- 
vanised or of copper. 

Cleaning of the timber stacks depends to a large extent on the 
water used and it is found that when a tower is out of service any 
algae giowth dries out and dies, forming a powder deposit which is 
washed down when the tower is again put in service. The whole of 
the timber (except that over which the water flows) is creosoted 
under pressure before leaving the works. The decay of the wooden 
slats has sometimes been attributed to soft rot.’’ Certain research 
work has been carried out with the idea of using hardwoods, but 
some, on being leached, extruded a sticky gum which was undesir- 
able in the cooling water. 

Each tower stands on its own pond, and can be isolated for 
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cleaning by means of penstocks from adjacent ponds and the return 
water culvert for cleaning. 

The pond should have adequate area and depth and may be 



Fig. 93. Reinforcod Concrete Cooling Tower of 3,600,000 gallons per hour 
capacity, A second tower is in course of construction. Blackburn 
Meadows Power Station, Sheifield, (Mitchell Eng. Ltd. and Mouchel 
& Partners.) 

divided so that one-lialf of the tower may be put out of service. 
WJiere two suction culverts are installed for a group of towers it is 
advisable to provide openings with temporary concrete fillings (or 
dam boards) so that adjoining ponds may be interconnected to 
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facilitate culvert cleaning. Access should be provided to the ponds 
and cat ladders at opposite sides are sufficient. The reinforced 
concrete foundations around which the ponds are built, and are 
integral with, should be arranged to cause minimum obstruction 
to the flow of water to tlie culverts. The surrounding ground 
area up to witldn 30 ft. from the base of the tower may be paved 
with concrete. The paving should have a fall for drainage to collect 
water blown out ])y the wind. 

Hand-railing is necessary to jw'cvent attendants sliding off the 
surround into tlie pond and a concrete (Uirb can be carried around the 
pond wall. Tower ponds usually reciuire cleaning annually, the mud 
and sand deposit over this period varying from 4 to 9 in. in depth and 
drainage facilitjcs sliould bo provided. The ponds may sioj)e away 
from the (central point and slndge channels carry the silt t o a sum]). 
For (‘-leaning purposes a double fire hydrant can be provided on the 
dividing wall and a standard liose is supplied from the circulating 
water system . 

Where sewage effluent is used for cooling-water make-u]), the 
water in the annular discharge conduits round the towers is fre- 
quently found to give off a ({uantity of froth. Wind blows the froth 
on to the suri’ounding ground and this in a sliort time bt^eomes a 
nuisaiue. The valves, operating gears, platforms, stairways, etc*., 
become coated witli a slimy film, and this in(;reases mainteiiaucc^ 
The ground area in the vicinity of the towers should be paved w ith 
concrete, provision being made to wash down by liose. 

The inside ajid outside fa(^es of the slielt have a leasonably 
smooth finisli and the former may be given two coats of })itu- 
miiious paint. Some ferro -concrete towers show damp patches on 
the outside face w’hicli appear to be the result of leakage through 
percolation. These may be caused by “ rain ” from the top w^hich 
gathers and sliows itself at any part of* the shell where there are 
irregularities due to shutter marks, etc. If this dampness is due to 
percolation through porous parts of the concrete it is found that 
they seal themselves in due course, and do not appear to have any 
detrimental effect on the steel reinforcjement. The question of right 
of light ” must also be (onsidered when dec^iding on tower positions. 

The leading particulars of one 1,650,000 g.p.b. tower are : — 


Water loading per .mp ft. of ground area. . .110 g.p.l). 

Internal haso di am el tT ..... 12S ft. 

Overall base diameter of pond . . . 138 ft. 

Height of ohiinney from pond bottom . .101 fl-. 

Height of stack from pond bottom . . 25 ft. 
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Deptli of pond . . . . .. . (5 ft. 

Ext-erual diameter of tower at top . . .92 ft. 

Area of timber surface ..... 280,000 sq. ft. 

Inlet pipe ....... 36 in. 

Outlet pipe . . . . . . 42 in. 


Cboling range 87" F. to 73° F, at 55° F. wet bulVi. 

The following data relates to towers havhig a cooling capacity 
of approximately 3,000,000 to 4,000,000 gallons of water per hour 
or thereabouts. ; — 


External diameter of tower at pond floor level 
Externa] diameter of tower at throat 
External diameter of tower at top 
Height of tower from pond water level . 

Depth of water in pond ..... 

Total weight of tower arul fournlations . 

Total weight of steel reinforcement 

Facto)* of safety - shell ..... 

,, ,, columns ..... 

Wind jamsure ....... 

Maximum intensity of load on ground . 

Dimensicais of pojid ...... 

Distance between top of cooling stack ainl t-o]) of 
tower ........ 

De})tli of cooling stack to normal pond water level . 
Heiglit of water level in distribution troiighs ahov'e 
]3ond w'^ater level ...... 

'type of distribution ...... 


Span of disti’ihnting trongh.s or f>ipes 

Number of sprayers ...... 

Material of sprayers ...... 

Make-u]) water required per cent, of normal capacity 
I^OSH due to evaporation j)er coid-. of normal ca]>acity 
Loss due to spray or mist per cent, of normal 
capacity ....... 


155 to 160 ft. 

70 to 75 ft. 

78 to 90 ft. 

250 to 260 ft. 

4-5 to 7*5 ft. 

4d>00 to 4,700 tons 
500 to 600 tons 
4 to 5 
4 to 5 

50 ]l). per sijuare foot 

1 ton per s(|uare foot 
180 X 180 ft. 

220 to 240 ft. 

20 to 25 ft. 

24 to 25 ft. 

Troughs and nozzles or 
upward jets with 
self-adjusting 
sprayers. 

2 to 10 ft. 

1,800 to 2,900 
Dross or stoneware 
0-9 to 1-0 

0-89 to 0*95 

0 01 to 0*05 


Concrete of the “Ordinary Grade” mix reference No. Ill is 
used for reinforced concrete, and a I : 3 ; 6 mix for mass concrete. 
The allowable stresses are as for “ Ordinary Doncrote Mix IV.” 
Tlie shell of a tower of this capacity can be constructed at the rate 
of from 2 ft. 6 in. to 3 ft. per normal working day. Shuttering is 
removed after one day. 

Forced Draught Towers. These towers consist of cells, each cell 
having a propellor type motor-driven fan. Forced draught cooling 
was installed many years ago in this oountry, but the large towers 
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now required almost prohibit its adoption. The power requirements 
are higli and repairs and maintenance (charges are higher in respect 
of fans, etc. A ten-celJ tower having a cooling water capacity of 
1,200,000 g.p.h. of water from 97*6° P. to 85° P. with an entering 
wet bulb temperature of 70° P. measured at the inlets will require 
a 25 h.p. motor propeller fan for each cell. 

Induced Draught Towers. Claims are made that this design 
has the advantages of lower first cost, requires less space, capable 
of cooling through a wide range, and using only 50 per cent, of the 
water throughput. This latter point leads to reduction in first cost 
of pumps and water pii)es and low^er power consumption. The 
construction is similat to the venturi-tube type towers and at the 
narrowest point of the throat is a horizontal fan rotating at 90 r.p.m. 
and driven by a vertical shaft from gearing located at the base of 
the tower. As the speed of the fan is controlled by the temperature 
of the cold water, power is not wasted when the ambient temperature 
falls. A natural draught tower for 30 MW uses about 570 kW. in 
pumping compared with 310 kW. for induced draught. To the 
latter must be added 280 kW. for the fan drive. The weather 
conditions may be such that the fan may only be needed for 40 to 
70 per cent, the time the tower is operating, so that 170 kW. may 
be taken as the mean fan load. Higher carry-over is experienced 
and make-up water may present a problem at time^? of water 
shortage. Figures given comparing costs of natural draught and 
fan-cooling towers in Germany (1943) are as follows : — 


Cost 

Normal steel and wood natural draught towers , £151,000 

Equivalent fan cooling ...... £25,150 

Strengthened steel and wood towers . . . £52,300 

Equivalent for fan cooling ..... £33,450 

Concrete strengthened fan cooling towers . . £38,900 


All are assumed to have a capacity of 180,000,000 B.Th.U. per hour. 
The throughput of the natural draught tower is 1,760,000 g.p.li. 
compared with 880,000 g.p.h. with induced draught, and the 
temperature ranges are 88°-77° F. for the former and 90°-68° F. 
for the latter. 

For further data see Information Bulletin, No. EG(5])8, of the 
National Coal Board (Production Dept.), 1951, 

Combined Natural and Forced Draught Towers. In one small 
plant where water for use in connection with the various processes is 
taken from the town main, economy is effected by using a combined 
natural and forced draught hyperbolic reinforced concrete cooling 
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tower. It IB capable of cooling some 180,000 gallons of water per 
hour from 105° to 80° F. when operating in an ambient wet-bulb 
temperature of 60° F. A 32-ft. diameter stainless steel impeller is 
located in the throat and is driven through a horizontal shaft and 
reduction gear box. A motor is fitted at each side of the gear box 
and they are capable of giving full load and two-thirdii^load, respec- 
tively ; thus where climatic conditions are favourable, the smaller 
motor can be used with consequent savings in power. To reduce 
carry-over to a minimum, a timber eliminator screen of the pear- 
shaped lath type is included . 
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C0AL-HANDLTNC4 PLANT 

When (lei^gitiiig a station carcfitl thought should be given to 
tlio coal-handling plant, particularly the design and layout of the 
individual units. The design should be sound and simple, having 
a minimum number of units of robust construction with a view to 
roducang maintenan(*e and ruiming charges to the lowest possible 
figure consistent with that all important factor — reliability. In 
many cases this plant does not receive the attention warranted, 
with the lesiilt that as a station ages a large amount of trouble is 
expcrien(;ed . 

The station designer should be wary of cheap plants, for more 
often than not they are only a direct result of low overhead and 
engineering charges and generally at the expense of experience, 
design and first-class manufacture. To safeguard the purchaser a 
clause may bo inserted in the specification to the effect that similar 
plant to that put forward must have been in commercial service 
for a given period of time. Although thijt is an advisable precaution, 
it is not always poli(\y to adhere to a steroo typed design and layout. 
As far as the mechanical handling of coal is (joiKJorned mindi remains 
to be done in development and design. The aim should be to 
eliminate handling units wherever possible, thus reducung the 
operating and maintenance charges. Also the running equij)ment 
.such as cnishers, screens, magnetic jnilleys, weighers, hoists, con- 
ve^mr drives, etc., should be centralised to reduce general charges 
and facilitate inspection and maintenance. Heavy wear in 
meclianical j)arts and chute linings can be reduced by using lower 
grades of abrasion resisting alloys. High strength steels are common 
on heavy elevator and conveyor shafts when used in combination 
with manganese steel s])rocket wheels. Monel is an alloy of nickel and 
copper which develops a strength equal to that of steel, together 
with high resistance to most corrosive conditions. Monel screws 
and bolts have proved useful in place of steel for many purposes. 
Transparent plastics will also supersede glass in many applications. 

The power station designer can materially assist in problems of 
this nature by placing liis needs before the manufacturer, and by 
mutual co-operation it should be possible to evolve an equipjuent 
which will give satisfaction. 

With the rapid increase in ]>ow’er-station plant capacity, together 

lUb 
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with the fact that the cost of coal may be of tlie order of 66 per cent, 
of the total station operating cost, it is evident that the handling 
of the coal should be carried out as expeditiously and economically 
as possible. The site conditions will in many cases determine the 
type of plant it is possible to employ, whilst the question of storage 
must be borne in mind. 

Whatever methods of handling ai-e adopted they should be sound, 
simple and require a minimum of operatives. The outputs of power 
stations have grown to such an extent that it is impossible to handle the 
required amount of coal b}^ manual methods within the time available. 

Further, it must be remembered that restrictions are likely to 
be placed upon railway, canal, river and sea transport during war 
or other emergency conditions. Also, the demurrage charges 
incurred upon wagons and ships delayed in sidings and wharfs 
together with the inevitable spasmodic supply of wagons make it 
necessary to- unload a considerably greater number of wagons per 
day. Riverside coaling may be affected by the speed of current 
and tidal range which in turn affects wharf space. To cater for 
such eventualities the coal-handling plant should be designed to 
deal with a much greater rate per hour than that required under 
normal operation. 

Electrical appliances have all the advantages required of modem 
handling equipment namely : reliability, flexibility, comparative 
cheapness in cost of supply mains, high residual value and economic 
power consumption which make the choice of electric drive with 
certain exceptions almost universal. The coal required for a large 
station can be estimated as follows : — 

300 MW capacity. 

Load factor 50 i)er cent. 

Assuming: 1*2 lb. of coal per unit generated, coal required per annum 

300,000 X 1 '2 X 60 X 8,700 
“ 100 X 2^240 

= 710,000 tons. 

The handling jflant should be such as to avoid double handling, 
e.gr., it must not be necessary to deliver all co0,l received into the 
store before it can be taken into the boiler house bunkers. Once 
the coal store is filled it should be held as reserve until an emer- 
gency arises and new supplies should go directly into the boiler house 
bunkers for immediate consumption. 

The trend towards total enclosure of working parts* is a good one. 
It provides for the exclusion of abrasive dusts and corrosive vapours, 
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greater protection from danger to the operatives, since it is not an 
afterthought, greater precision in construction and functioning of 
working parts, and usually the application of more efficient means 
of lubrication. These remarks also apply to ash handling plant. 
The designer can help the maintenance staff by giving some thought 
to the carr 3 dng out of future repairs and the conditions under which 
they need to be done. Means of access is of prime importance ; 
there should be provided a platform of sufficient size and suitably 
positioned from which the work can be done without the need for 
over-reaching or standing on handrails. 

Transport. The methods of transporting coal to power stations 
depends primarily on the location of the station, but will be one 
or more of the following : Sea, river, rail or road-bome coal. The 
ideal site would permit of any being used should the need arise, 
but ill general, rail and sea transport are the most common, the 
latter being much cheaper. Access for sea-borne coal is therefore a 
most valuable asset to a power-station site. 

Stations should be placed near the coalfields to reduce the 
transport charges. It sometimes happens that the cost of fuel is 
much lees at sites further from the coalfields where sea-borne coal 
is available than on sites in close proximity to the coalfields where 
rail transport is used. Other factors to be kept in mind when 
considering these jiroblems are the suitability and prices of the 
varying classes of coal together with the legislation that may obtain 
regarding the control of production and selling of coal. 

Where rail transport is used the necessary sidings should be 
brought as close as possible to the boiler houses. The sidings are 
connected to the railway companies’ main lines so that wagons 
can be shunted to the appropriate unloading positions on the site. 
It is a decided advantage to have separate incoming and outgoing 
tracks to the main lines thereby enabling the wagons to be dis- 
charged and taken from the site with a minimum of shimting opera- 
tions. Adequate sidings should be provided on the site so that a 
reasonable number of full and empty wagons can be marshalled to 
deal with normal and abnormal working conditions. 

The sidings for one 250 MW station were as follows : — 

Incoming wagons (full) 300 (3,000 tons approximate). 

Outgoing wagons (empty) 350 (3,600 tons approximate). 

Average daily consumption, 2,200 tons. 

In a number of stations sidings providing for three days’ capacity 
have been installed. 
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The movement of wagons within the sidings may be carried out 
by means of capstans and bollards along the sidings. Sea-borne 
coal necessitates the use of sea-going colliers to bring the coal direct 
to the station unloading wharf where it is discharged by cranes 
into hoppers (Fig. 94), placed above belt conveyors, whence it 
is taken either to the boiler-house bunkers or alternatively to storage. 
Electricity undertakings now own and operate their Qwn colliers, and 



Fig. 1)4. Jotty, Coaling Oanos and Conveyors, Battersea Power Station, 


where colliers are unable to reach the statioi), barges may be used. 
The cargo holds of the colliers should be designed with sloping wing 
ballast tanks so that the coal flows by gravity to the disoliarging 
grabs thus expediting handling of the coal. Where vessels have to 
negotiate the arches of low span bridges the masts and funnels should 
be arranged to be lowered and deck houses and superstructures should 
be of navigable limits. In view of the conditions under which 
vessels may have to operate, careful attention is necessary in their 
design and particular care is called for in connection vith draft, 
trim and clearances in each of the load and ballast conditions. 
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In large stations road borne coal is rarely resorted to except 
in emergency conditions, although road transport may prove 
cheaper and more reliable than rail if the coal can be brought direct 
from pit to station receiving hoppers and the distance is not too 
far. A well-constructed road giving access to the coal-receiving 
plant would probably meet all requirements. Attention should be 
given to the covering of coals by tarpaulins during transit and to the 
design and condition of vehicles. Tnicks should liave adequate 
drainage arrangements and barges should be watertight. C)oal 
may be unloaded from barges by means of a suction plant in which 
the suction is created by a reciprocating vacuum pump. The 
majority of the coal-handling plants arc similar, whatever methods 
of transport arc used, but some special equij)ment will almost invari- 
ably be required for each method. 

Methods of Handling. No matter how the coal is bjought to the 
site it still has to be taken to the boiler stokers or the coal -preparation 
plant in the case of ymlverised fuel boilers. The ideal arrangement 
would be of course for the wagons to run directly above the boilers 
and discharge into ov(u*h(%‘id bunkers. This has been possible 
on rare occasions duo to the site conditions lending tliemsolves 
admirably to this layout. Should underground stations cojnc 
into use then the ideal arrangement could be adoj>led, but other 
sections of plant would suffer in consequence. A reasonable amount 
of coal should always be hold in readiness to serve the stokers or 
milling plant, and the general practice is to provide overhead 
storage bunkers in the boiler houses. The c^oal delivered to site has 
therefore to be weighed, ein[»tied from wagons or ships, then lifted 
or discharged into the overhead bunkers in the boihu* houses. To 
carry out these operations various types of equipment have been 
used, some of which are : ski}) hoists, bucket elevators, belt con- 
veyors and telphers, together with trucks, tipplers, cranes, wagon 
hoists, drag-line buckets and win(;hes. The first mentioned are 
usually cheaper, whilst labour and maintenance charges ai e low. It 
will be observed that the methods outlined arc defined by the manner 
in which the coal is raised to the overhead bunkers as the majority 
of the auxiliary plants is common to each method of handling. 
Tlic method adopted will to some extent depend upon the site, 
but, other things being equal, careful consideration should be 
given to all possible methods so that tlie best plant for the 
specific purpose may be obtained. The following jiaTticulai-s are 
typical 
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Type of (MI. riant 

iCowei Gonsunipt ion 

1 kWh/ton 

Wt. of stenl 
toi)» 

Total Coat 
£ 

Gravity bucket convenor 

4 

. 1 ()-22 

1 

45 

5,0(K) 

Belt conveyor 

. i 01 5 

1 

35 

3,600 

Bucket elevator . 

0'20 

25 

2,900 

Skip hoist . 

. 1 0-20 

i 

1 

20 

2,500 

includes 

auto-electric 

equipment 


To provide against failures of coal su})ply in the event of labour 
troubles, unfavourable weather conditions, accidents, warfare, etc., 
adequate coal reserves should be kept on or near the station site. 
For large stations it is considered desirable to have coal reserves 
on site of 50,000 to 150,(H)0 tons. The storing of coal necessitates 
the ])rovision of special handling plant apart from other factors 
whicli arc considered under a separate section. 

The storage handling plant varies considerably, a great deal 
depending upon the nature of site and, in particular, the shape. 

Some of the usual types of equipment are :• - 

(a) Travelling bridge c*oiiipleie with belt conveyors and reclaiming cranes 
arranged to 8j)an the ccvd storage area and i)ermitting of the coal being 
deposited at any part of the coal store or reclaimed tiiorefrom as desired for 
deliv^ery into the boiier-hou.se bunkers, 

(b) 'J^olpher e(juij)ments arranged to travel f)ver the storage area and 
deposit or reclaim coal ^l.s lecjuiied. 

(c) A system of belt conveyors with travelling-belt distributors for 
depositing the coal and steam jib-cranes on rails for reclaiming the coal and 
dropping it into travelling receiving ho])perH. 

(d) Drag scrajier which deposits and reclaims ami is o])erated in associa- 
tion with conveyors and skip hoists. 

Other types are to be found in pracjtice differing only in items of 
plant but having the same underlying principles. 

The coal-handling plant should therefore be /l^signed so that it 
is possible to handle coal from railway wagons, ships or road vehicles 
to the boiler bunkers ; also from these to the reserve store or from 
the latter to the bunkers (Fig. 95). 

In one station the plant includes a travelling unloader for 
discharging river-bome coal, a tippler hoist for rail-bome coal, a 
drag scraper storing and reclaiming equipment, weighing machines 
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and a belt conveyor system interconnecting the component parts of 
the plant. The electrically operated riverside unloader discharges 
the coal into a hopper-type weighing machine, fitted with totalising 
gear to record automatically the weight of goal passing to the 
succeeding belt conveyors. The wagons containing rail-bome 
(ioal are emptied by an electric tippler, the wagon and its contents 
being weighed in the process. Wind screening and dust extraction 
plant is provided at the points of discharge from the barge and wagon 
imloaders. Coal to be stored is (ionveyed by belt to a central pile 



from whence a drag scraper distributes it over the storage area. 
When the store is to be used it is drawn by diag scraper to a loading 
hopper and carried thence by the belt system to the boiler house 
bunkers. A belt weighing-machine on the conveyor elevating the 
coal to the bunkers records the weight of all cjoal delivered, either 
from the unloading plant or from the store. 

To eliminiate nuisance attention must be paid to enclosure 
of coal-handling plant. The coal tipplers may he enclosed in a 
separate dust-tight building having motor-operated sliding doors 
from which fans can extract the dust-laden air and discharge it 
through separators. A similar method can be applied to coal 
breakers, conveyors and bunkers. Suction plants have also been 
employed with satisfactory results. 
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Motor*operated Wagon Tipplers. Are usually of the rotary and 
side discharging types, the choice depending on the layout of the 
filler-pit or receiving hopper. When clinging or wet and small coal 
is being handled, inversion of the wagon and the consequent move- 
ment results in complete discharge. Other types are used to serve 
special conditions. Tipplers are standardised in design and con- 
struction to suit the types of wagons now in use, although special 
designs are occasionally adopted. One or two tipplers are provided 
for each boiler house, and in some installations means of inter- 
connection are included in case of breakdown. Bottom discharge 
wagons empty on to a grid in the receiving liopper, then through 
feeders to the conveyors. 

Tipplers are designed to handle any standard railway wagon 
from 8 to 20 tons capacity, the shape and dimensions of which 
comply with the relevant Railway Clearing House Specifications. 
They are capable of handling and tippling the requisite number of 
wagons per hour this time including weighing and recording the gross 
and tare loads. 

The loaded wagon is run on to the rocking table in a position 
ready for tippling, is weighed, and then by means of an electrically 
driven winch turned to its discharging i)osition. The wagon is 
tipped so that the whole of its contents are discharged in one slow 
movement with coal having a moisture content up to, say, 20 per 
cent. No obstruction is offered to the coal aiifl hand trimming is 
unnecessary. The empty wagon is then returned to its normal 
position, weighed and run off the table, leaving the table free to 
receive the next incoming wagon. The weighing machines are 
integral with the tippler mechanism, and are fitted with a ticket 
printing recorder and totaliser. The printer prints the individual 
gross and tare weights on tickets and the totalising mechanism is 
capable of registering up to 9,990 tons. It incorporates locking gear 
and reversing ticket printing recorder. The automatic reversing 
drive causes loads weighed to be alternatively added or subtracted 
from the weight indicated by the recorder dial, thus the filled wagon 
is weighed and the gross weight recorded. The wagon is then 
raised, emptied and ro-weighed, the tare weight of the wagon being 
subtracted from the previous record, leaving the net weight. Each 
machine is capable of weighing up to 30 tons, and is so designed that 
a moving load of 60 tons can pass safely over it. There should be 
adequate access in the tippler pits to facilitate inspection and 
maintenance of the driving gears, ropes, etc. A disadvantage of 
rotary tipplers is the necessity for replenishing wagon axle boxes 



176 


ELECTRIC POWER STATIONS 


with oiJ, but wagon axle boxes designed for complete inversion 
obviate this. When wagons are shunted on to tippler type weighers 
the oil runs down the axle into the axle boxes. The boxes, not being 
in the normal vertical position, allow the lids to open and the oil 
falls out on to the weigher and platform. A simple axle box cover 
can be fitted which is of a mild steel strap construction and prevents 
the covers opening. A clamping arrangement is provided which has 
the necessary interlocking and reversible control gear operated by 
crank handle in such a way that the tippler motor cannot be started 
until the wagon is properly secured and the clamping gear cannot be 
released until the tippler comes to rest. Brass nuts on the clamping 
gear should be made in halves to facilitate replacement as solid 
nuts necessitate dismantling of clamping rods, etc. 

An 8 B.H.P. njotor-operated rotary tippler capable of liandling 
10-, 12-, 15-, and 20-ton wagons has a 2 B.H.P. clamping motor. 

End -discharging tip])lers are also used but suffer from the 
disadvantages that only wagons with end doors mn be used, which 
limits the size of wagon that may be tipped ; also hanging up is 
frequent. The use of self-discharging wagons overcomes these 
difficulties. Some of the protecting fenders are far from satisfactory. 
A simple expedient is to provide a number of pieces of old car tyres 
bolted to the cross framework, 'which prove quite effective and stand 
up to the arduous conditions. 

Receiving Hoppers. The construction of coal loceiving hoppers 
has recjeived considerable attention and some usual forms are : — 

Steel lin[)por with blue-brick lining. 

,, ,, ,, reinforced concrete lining. 

,, ,, ,, rubber lining. 

Plain reinforced concrete hopper. 

Hoppers of steel plate constriKJtion lined with tiles liave been used to 
withstand abrasive action when coke is handled. 

The size and shape is ^governed by the maximum length of 
wagon, the valley angles necessitated by the class of coal handled 
and the storage capacity to enable the plant to operate at full load 
whilst the plant is in service. Assuming two 20-ton wagons to be 
discharged simultaneously, then the hopper capacity would be at 
least 40 tons. The classes of coal handled vary over a wide range 
and the valley angles of the hopper should allow free flowing of coal 
having a moisture content up to 20 per cent. 

A hopper having angles of 45*^ for the sides and 50° for the 
corneTs has been found satisfactory for dealing with dry and wet 
slack. Where possible a minimum slope of 50' is recommended ; 
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any increase beyond this figure will of course tend to increase the 
depth of skip pit or feeder pit and entail additional civil engineering 
work. 

To prevent the lodgment of coal, the comers of the hoppers 
should be well rounded. Trouble is sometimes experienced with 
the lower portions and mouths of these hoppers, due to perishing 
of the concrete caused by contact with wet coaJ, and to overcome 
this trouble the hopper outlets may be fitted with cast-iron mouth- 
pieces. Coal contains a certain amount of pyrites and moisture so 
that it is necessary to take precautions against acid action. The 
material and construction adopted for these mouthpieces should 
ensure resistance to corrosion, easy replacement or quick repairs. 
The outlets from the hopper sliould each be fitted with a hand- 
operated rack and pinion c\it-off gate. If both feeders operate from 
the same drive this gate enables one feeder to remain in service whilst 
the other is out. 

Screening grids should be placed over the receiving hopper 
to prevent the ingress of stray lengths of props, wood and very 
large pieces of coal, etc., to the hopper moutlis. Grids of 2-in. 
square mesli and others divided into long sections with flat bars 
on edge, spaced at about 4-in. centres with tube distance pieces at 
1 2-in . centres, have been used. The receiving hopper pit should have 
a sump to take away any surfece water. 

Mixing Bunkers. It is sometimes necessary to arrange for mixing 
of coals and/or coke, and this may be done by having a bunker with 
two compartments. The chute at the head of the feeding conveyor 
will be of bifurcated construction to enable coal or coke to be 
delivered into either compartment. These bunkers are of steel 
plate, each compartment having a hoppered outlet designed to 
deliver coal and coke as desired to feeders. Owing to the excessive 
wear due to abrasive action of coke, it is advisable to fit shield plates 
to the sides of the coke bunkers. Coal chutes are often left unlined, 
but a J-in. or |-in. steel lining provides longer life and easier renewal, 
(/ast-iron linings, bolted in position, give good service and plates of 
I in. to f in. thick and standard widths of from 12 in. to 16 in. have 
proved satisfactory. Setscrews and studs should not be used and 
bolts should never protrude through the nuts. The feeders can be 
adjusted so that the discharge to the conveyor can be regulated, 
and any mixture of coal and coke obtained. 

Feeders. These may be of the ?‘otary or jigging tyj>es and are 
placed immediately below the i*eceiving hopper. The feeders are 
designed to take coal from the hopper outlets a.n(l deliver it to theii' 
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corresponding skips or conveyors without spilling. The feeders can 
only deliver coal when the respective skip is in the filling position 
and stops when the skip has received its predetermined amount of 
coal. When conveyors are in use these must be running. 

Jigging feeders consist of mild steel trays which are given an 
oscillating motion through a connecting rod vid a variable stroke 
crank, worm reduction gear and electric motor. Skirt plates run 
along both sides of the feeders to prevent spillage, these plates 
terminating in a head chute which delivers the coal on to the 
conveyor. 

A rotary feeder consists of a circular steel table placed centrally 
below the hopper or bunker outlet, arranged to discharge the coal 
and prevent spillage. These may have common or independent 
drives. The former would have a clutch so that either or both 
feeders may be operated. Electric vibrator feeders are also used. 

Loading Chutes. As an alternative to the use of feeders just men- 
tioned, automatic loading chutes may he used and have the advantages 
that auxiliary driving gear and parts subject to considerable wear 
are eliminated, and, further, are cheaper. The loading chute is 
so arranged that as the skip fills the flow of coal from the hopper 
slows up and finally ceases due to the angle of repose of the material. 
The operation of the skip is controlled by an electrical timing 
device which ensures that it will not start until it is fully loaded 
unless, of course, there is no coal in the hopj^er. Tlie design and 
construction of the chutes should be such that any part can be 
easily replaced or repaired, and the question of corrosion should also 
be kept in mind. 

Access should be provided to permit of cleaning in case of 
stoppages. 

Skip Hoists. Within recent years considerable attention has 
been given to the comparative advantages of elevators for raising 
coal to the overhead boiler bunkers. Bucket elevators were very 
popular in the early power stations when the quantities of coal to 
be handled were comparatively small. High capacity, high load 
factor stations require large quantities of coal and it is therefore 
necessary to have an equipment that has a high-rated handling 
capacity consistent with capital and operating costs incurred. 
The most economical conditions for electric hoists are high nett 
loads and low speeds and the use of skips in place of bucket elevators 
appears to be justifiable for power station service. A larger tonnage 
may be raised owing to the higher ratio of nett load to total load 
and the mechanical details requiring skilled attention are few. 
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Skip hoists which, while intermittent in their delivery of material, 
offer a means of elevation economical in both power and mainten- 
ance. The use of a twin-skip design reduces the size of the hoppers, 
and the plant can be arranged to discharge at different levels if 
required. Wear is especially concentrated on the skips and 



ropes, both of which are replaceable. Fully automatic skip hoists 
(Fig. 96) are usually provided, each capable of elevating coal from 
the receiving hopper to the conveyor feeding hopper. The skips 
are designed to ensure clean discharge of the coal into the conveyor 
hoppers and are interlocked with the conveyors so that the skips 
can only operate when a conveyor is running, thus avoiding over- 
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filling of tli (3 top hojjper. Skips can 1)0 u])erato(l with oither of the 
conveyors. Plie skips sliould be designed so that spillage during 
the filling operation is a nuniinuni. Oases are on record where 
trouble experienced from this cause was due to the counter weights 
on the loader being too heavy. In some cases the skips are indepen- 
dent, having bahmee weights, and are therefore able to operate 
separately whilst maintenance and repairs can be carried out on 
either. If the s])ace is restricted it- rmiy be necessary to provide 
screen plates between each hoist tower to a height of about 12 ft. 
from the bottom to permit of maintenance w ithout danger. Similar 
remarks apply to the drives or sheaves at the top of the skip tower. 
The skips and balance weights are fitted with shoes to enable 
them to be lowered gently to the bottom of the pit in the event of 
rope failure. The skips and balance weights work on steel guides 
fitted wdth renewable steel wearing strips and the drives are by 
electric motor through totally enclosed w^orm reduction gears. 
There are three tyj)es of drums which may be adopted ; (1) cylin- 
drical ; (2) cylindro-conical ; (.‘1) bi-cylindro -conical. The first and 
second types are usually employcMl. 'J'lie advantages of the second 
and third types are : — 

(a) Reduction in capacity of driving erjuipmont. 

(b) Reduction in energy consumption, i.e., iricreaseci winding ellicioncy. 

(c) Reduction in inaxiTninn jxovfT demand. 

These advantages result from tlic low^ torque required during 
the starting period as a result of equalising the rope pulls. The 
shorter the wind,' or the shorter the full-speed period the greater 
becomes the benefit derived from a redu(*tion of the power required 
during starting and stopi)ing. Tlie most effective distribution of 
turns consists in climbing the cone in the few'^ost turns practicable 
and completing the acceleration of the drum while winding on 
the small diameter. The diameters of the pulleys around which 
the ropes bend should bo large enough to reduce excessive stresses 
in the rope. This applies to all equipment using roi)e8 or belts. 

The pulley groove section sliould be such that wear wdll not 
bring the rope into contact with the sides of the groove. The arc 
of contact wdtli the pulley groove should not exceed 90"" and pulleys 
should run perfectly true. Springs fitted at the load end of skip 
hoist and drag scraper ropes appear to increase the working lives of 
the ropes. ^ 

The storage of wire ropes is another feature worthy of attention 
for cases are on record w^here ropes hold in store for a number of years 
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have failed after a comparatively short life. The chief cause of such 
failures appears to have been attributable to corrosion of the wires 
but the origin would seem to be due to loss of the internal lubricant. 
It is well known that the failure of steel ropes by corrosion of the 
inner wires has its source in the deterioration or loss of central 
lubrication, and the weakening of ropes is usually by needling or 
strand failure. 

A steel-framed house is providetl to house the skip hoist winches, 
access being either by stairway up the hoist tower or direct from 
the conveyor gallery. An alternative is to place the winch house 
at ground level and the advantages of this layout will be appre- 
ciated. The house is covered with protected metal sheeting with 
sheet lights for natural lighting, and doors for handling and access. 

A runway joist and travelling imlley block, together with hand 
winch, are useful adjuncts to the wincli house for handling conveyor 
belts and skip hoist and conveyor motors. The runway should 
project beyond the winch house to give a clear lifting position. 
Provision may have to be included for lifting the conveyor belts so 
that they may be rolled into position near the tail end of the con- 
veyor gallery. 

Conveyor Feeding Hoppers and Chutes. When two belt conveyors 
require feeding from one ho}){)er, a common hopper of mild steel 
bifurcaUxi construction is provided. The h()p2)er outlets are fitted 
with rack and pinion (ut-oflF gates so that, if one conveyor is out 
of commission, operation may be continued with the other, [f 
one (jonveyor only is installed then a single-way hopper will 
suffice. 

To allow foi* wear tlie sides of the hopper should have shield 
])lates that are easily fixed and replaced. The design of the chutes 
should be such that the coal falls on to the belt without shock. 
This is attained by allowing the coal to flow on to the belt in the 
direction of belt travel and at the same speed as the belt. When the 
belt is reversible tlie feeding or discharge chutes Avill require a 
deflecting plate or door flap to feed the coal to suit the direction 
of belt travel. (Chutes should be designed to feed the coal evenly 
and centrally on to the conveyor belts. The chute trougli should 
be covered for a reasonable length on both sides to prevent spilling 
of coal. Unless these precautions are faken the belt life will 
be reduced. Coal chutes can be lined with glass or plastic plates to 
resist abrasion. 

Conveyors and Elevators. These are of the belt or bucket 
types, althougli other types have been used with success. The 
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conveyors for boiler supplies are arranged to pass over the top 
of the overhead storage bunkers. Belt conveyors are fitted with 
travelling trippers (throw-off carriages) (Fig. 97), having chutes 
which discharge the coal into the bunkers on both sides of the 
conveyor. Where large quantities of coal are handled the belt 
conveyor can be operated at higher speeds than the bucket type. 
With bucket conveyors dumping arms are fixed at predetermined 



Fio. 97. Two 24-in. Belt C'onv(}yoi\s iiistallorl at Rotherham Power Station 
for haiKiling coal into boiler liouse bunkers. 

Capacity of each conveyor . . . . .100 tons per hour. 

Length ........ 250 ft. 

Speed ......... 260 ft. per minute. 

Horse-power of motor . . . . • 7 i 

Each is fitted w'ith an automatic tripper. (International Combustion Ltd.) 

positions. The trippers on belt conveyors may be of the automatic 
friction -driven reversing type, adjustable stops being fixed at inter- 
vals to permit the trippers to traverse any section of the bunkers. 
An alternative is the use of power propelled gear manually operated 
from the walkw^ay . A brake or holding device should be fitted on one 
of the tripper leading wheels or framework to prevent movement 
of the carriage when placed in the neutral position. The braking 
or clamping should be positive to prevent the tripper running away. 
Cases are on leoord where the tripper has gained speed with the 


COAL-HANDLING PLANT 


183 


handle rotating at high velocity. Three positions are provided for 
on .each tripper : forward, neutral and reverse, the neutral position 
being used when discharging is required to take place in one position 
only. The operating arm for the valve in the discharge chutes should 
have adequate leverage to enable it to be worked with minimum 
effort. A chain -operated wheel is sometimes used and gives smooth 
opening and closing. Reversible shuttle conveyors are also used to 
distribute coal over bunkers. 

The conveyors may be fitted with screw-operated or gravity- 
tension gear to adjust the belt tension and take-up slack belt. 
This gear should be of robust construction and designed to protect 
the screw as far as possible against dust, etc., when screw gear is 
used, and be accessible for adjustment and cleaning. The minimum 
take-up is approximately 1 per cent, of the length of a conveyor. 
Belt tension is maintained automatically by gravity take-ups. 
To guard against the possibility of the sciew take-ups having unequal 
adjustment and so causing binding of the shaft, self-aligning ball 
races should be fitted. Ball-bearing idlers are fitted throughout, and 
have grease lubrication. The troughing idlers may be of the tliree- 
or five -pulley type, the cuiwature with the latter being more gradual, 
the profile of the idlers almost approaching the arc of a circle, thus 
preventing objectionable sharp bends to the belt under load and so 
prolonging its life. For belts up to 18 in. wide, troughing idlers of 
the three -pulley type are quite satisfactory, but above this the five- 
pulley type is recommended. At feeding points the troughing idlers 
should be grouped much closer to form a nest of idlers, and so 
increase the life of the belt and reduce spillage due to the belt sagging 
below the side seals. The theoretical horse power for a belt conveyor 
is : — 

(0d5 Wi + 0»07 Wg) S -f HC 
"" 33,000 

where C = capacity in lb. per minute. 

Wi = weight of belt, lb. 

W 2 = total weight of material on belt at any one time, lb. 

S = speed in ft. per minute. 

H = height in ft. for inclined conveyors. 

The life of a belt can be estimated from : — 

T = 5.W2.L 

where T = average life of a belt in tons per hour. 

W = wddth of belt in in. 

L centres in ft. 
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The life of a is also dependent upon the speed at which 
the load is carried, excessive speeds causing quick deterioration 
of the belt and high maintenance charges. High speeds are justifi- 
able, but consideration should bo given to the working conditions 
and the materials of the conveyor. Speeds of 250, 350 and 460 ft. 
per minute have been used for belt conveyors, and 500 ft. per 
minute and over for shuttle belts. Conveyors are arranged so that 
each run slightly faster than the conveyor delivering to it, thus 
obviating the possibility of congestion at transfer points. A long 
belt is not subject to the same amount of wear as a short one, since 
wear only takes place at the feeding point. The belts should be of 
the best quality rubber and canvas witli J in. thick and in. thick 
rubl>er on the carrying and return sides respectively and be specially 
protected along the edges against wear. Belts are often referred to 
as X oz. duck (i.e., 32-oz. duck), the term duck is strong untwilled 
lined fabric;, tkmveyor lengths can be longer if nylon or rayon 
cords or steel wires are embedded longitudinally in the rubber. 
The number of drives and transfer points is decreased. One of the 
principal c;auses of belt destrucjtion is edge wear caused by the 
belt running out of true. This can be over(;ome by adjustment of 
the troughing idlers during t he initial training of the belt. 

The rubber belt is an cxpejisive item, and savings made by the 
installation of cheap belting invariably appear as costs at an early 
period in the life of a conveyor. In selecting a bolt for any specific 
duty the following should be considered : “--durability, strength, 
toughness, atmosphere (steam, fumes, moisture), elasticity to absorb 
shocks from fluctuating loads, freedom from excessive stretch, 
lightness, pliability, ability to elongate and return to original 
length without undue heating, high tractive quality, length, speed 
and type of drive. 

The conveyor pulleys are of heavy cast-iron construction 
having machined crowned faces, the diiving pulley being faced 
with ferodo or other similar friction material. The diameters of 
pulleys around which a belt bends should be large enough to reduce 
belt stresses. The diameters of the head, tail, snub and bend pulleys 
depend on the thickness of the belt and a useful rule is: — 


Head pulley . 

Tail pulley . 

Snub and bend pulloyH 
Tripper pullej^s 


6 X belt ply 

4 ,, „ 

3 ,, y, 

5 „ 


The diameters are in inches. 
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The widtli of the pulleys will be generally as follows : — 

Head juilley, 2J in. wider tVian belt. 

Tail, snub, bend and tripper pulleys, 2 in. wider than belt. 

A snub pulley is used to relieve the adjacent return idler and 
increase the arc of contact of the main pulley. 

(Jonveyors are driven by electric motors through totally 
enclosed worm -reduction gears. The motor, reduction gear and 
head pulley should be mounted on a common bed plate. One-piece 
bed plates (welded if desired) are preferred, integral with the driving 
shaft supports to j)reserve alignment, and flexible couplings are 
fitted between the motor and the gearbox. With a fabricated 
c^onstructioii care should be taken to make it as rigid as ])ossible. 
For other than level (conveyors, a solenoid brake or automatic; 
rachet may be included to prevent run-back when the conveyor is 
stopped. 

Belt cleaning gear should be provided at the head end of each 
conveyor also on each tripper to (;lean off damp coal-dust and so 
prevent it being carried on to the return idlers. When the belt runs 
in both directions it is necessary to include cleaning gear at each end. 
Two types are a rubber scraper and a brush. The cleaning in 
the latter is by Tiieaiis of a brush, chain driven from the head pulley. 
The carrying side can bo cleaned by a rubber scraper as it leaves the 
head pulley, and a steel scraper cleans the snub pulley over which it 
next passes. The belt is therefore preserved from fine materials 
being ground into it and the ])ulleys are kept clean, which ensures 
that the belt (;oiitinues to run straight. 

The (leaning gear shoidd always be in contact with the belt 
and designed so that obstru(;tions will not interfere with its operation 
or cause tearing of the belt in the event of a fastener opening or 
breaking. The efficicnej^ of belt wipers dejKmds on ; stickiness of 
coal, size of coal and belt wear. A small chute connected to the coal 
bunker, or a receptacle whi(^h (;an be emptied may be provided at the 
head end of ea(;h conveyor to carry off the “ smalls ” which would 
otherwise be deposited on the floor beneath the driving pulley. 

The conveyor tracks sliould be fitted vdth fflieet steel decking 
plates or inverted troughing, to protect the return side of the 
belt from falling coal and also prevent (;oal fallmg to the ground 
where the (;onvoyors are outside the boiler houses. Where the 
majorit y of the <‘oal liandled is duff, care should be taken to keep it 
from building up on pulleys or sticking at. transfer [)oints. 

For successful operation of belt (;onveyors it is imjKjrtant that 



ELECTRIC POWER SIWTIONS 


I8t) 

they are iiin in a straight line, kept clean, fasteners put on cor- 
rectly and maintained in good order, and given reasonable attention. 

The bucket type of conveyor and elevator has been employed 
in small and large stations. These elevators are quite satisfactory 
if attention is given to bucket design and methods of fixing, and the 
vertical type is preferred to the inclined type, since less space is 
required ; skids and skid bars are eliminated, a minimum of lubrica- 
tion is necessary and an almost silent elevator is obtained. The 
buckets are made of malleable iron or mild steel plate pressings 
assembled in a substantial manner to form a continuous chain. 

The materials of guides, links, bushes, etc., should be sound, 
have good wearing properties and the parts should be as simple as 
possible. Considerable damage cati be done due to failure of links 
causing complete collapse of an elevator. An observation door 
in the elevator casing at a suitable height above ground level 
enables the attendant to watch operation of elevator and note 
defects. Removable sections of casing near sprockets facilitate 
inspection and maintenance. Each bucket in the length of the 
elevator (;an be connected together by means of a wire rope and so 
minimise risk of complete collapse. This has been done on old typos 
of bucket elevators and conveyors and it is simple and cheap The 
speed of the buc^kots varies with the load, e.g., 

100 tons pm' hour —50 ft. i)er nniiiitc (60 80 co]unn)n) 

30 tons per hour — 120 ft. per nniiuit('. 

Cravity bucket elevators arc operating satisfactorily with 
capacities up to about 200 tons per hour. 

Bucket elevators are supplied with coal through a bucket-filling 
mechanism which may be of the rotary tyj)e operated from the 
elevator chain. The fillers load each bucket with the correct amount 
of coal without siiilling, a regulating slide or valve being included 
for this purpose. The bucket elevators may have two revolving 
fillers, thereby enabling alternate buckets to be filled with different 
classes of coal to facilitate mixing. Chain sprocket wheels are some- 
times fitted with renewable rims which reduce replacement charges. 

The tension gear should then be mounted on a rigid steel framing 
and the stretching screws should be of adequate proportions. A 
square thread is preferred to a Vee thread for these adjusting 
screws. In some installations this item has given much trouble due 
to its flimsy design resulting in slackening off, et(3. 

Bearing lubrication arrangements should ensure a grease seal 
being maintained at the ends in elevator casing. Probably the most 
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important factor in keeping elevator and conveyor maintenance 
costs down is to maintain them clean and well lubricated. 

The horse-power required to drive an inclined elevator can be 
obtained from : — 

p M sin 0 KS(M + C) cos 6 
■ ■ ■"" 33,000 

where M ~ weight of material in elevator, lb. 

C weight of chain and buckets, lb. 

K “ 0*2 for skidder bar chains ; 

('•J for roller type chains. 

S = speed ft. per minute. 
d angl^ from horizontal. 

To this theoretical horse-power should be added an allowance 
for starting up under load and imdtiplied by 1*5, to allow for 
gears, pick-up in the boot, etc. 

The drag- link or scraper type of conveyor has been used but is 
not favoured generally The (?hief disadvantages are high power and 
maintenance charges. 

The (jonveying of coal by mixing it with water and pumping 
it tlirough pipes has been tried and is foujid to be cheap and simple. 

A belt elevator with buckets attached is also in use but the 
method of feeding requires further development and the system 
generally has not been tried over a lengthy period. 

A conveyor may bo arranged for w^ater conditioning of the coal, 
by spraying and this contributes to good combustion. 

Gangways should be })rovided in the centre and on each side of 
the conveyors to give access to all parts throughout the entire 
length of the conveyors. Hand-railing and guard rails should be 
included and gangways of open-mesh steel grid floor are quite 
suitable for this purpose. 

Staircases should be arranged at an angle not greater than 45'^ 
with the horizontal with stair treads at least 9 in. wide with 1 1 in. 
toe room and risers at a constant height throughout, and never more 
than 8 in. high, l^andings can be arranged at intervals not exceeding 
10 ft. to prevent fatigue of the user and to minimise the risk of 
serious fall. Aluminium alloys have been employed for handrailing 
and roofing purposes and appear to be satisfactory. 

To enable the attendant to get from one conveyor to another 
without having to walk to either the driving or tail ends to do so, 
a cross-over gallery should be placed at approximately midway 
along the length of the conveyor track. The bridges outside the 
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boiler house (consist of a steel framed structure (hovered with pro- 
tected metal corrugated slieeting. I'he roof may have two sheets 
and the sides a single sheet with sheet lights at regular intervals to 
provide natural lighting. 

A better finish of the roof and floors may be obtained by usin^ 
reinforced concrete, the v ails being a v ater-proofed concrete plaster 
on “ Hy-Rib.’’ 

Automatic Railway. This is sometimes employed where coal 
has to be delivered from a high siding to a lower level, the gradient 
of the railway being such that the energy developed by the loaded 
truck passing down the incline is sufficient to return the truck to 
the starting point after discharging. The discharging and return 
of empty truck is automatic. 

Magnetic Separators. Separators are provided to rid the coal of 
tramp iron, which finds its way into the coal at the collieries, and 
takes the form of coal cutter teeth, bolts, nuts, w^ire, fish plates, 
etc. A small amount of bolts and nuts may enter the coal 
from the feeders, conveyors and elevators, and it is therefore 
desirable that the separator be placed as close as possible to the coal- 
preparation plant, and in any case before passing on to the storage 
bunkers. 

Magnetic separation is more desirable with pulverised fuel 
than stoker-fired plant. The latter will pass tramp iron without any 
risk of damage, but the feeders and milling plant associated with 
the former may be damaged. 

With belt conveyors tlio head pulleys can be arranged as magnetic 
pulleys where the layout of handling plant permits. The points 
requiring attention if magnetic separation is to be efficient are 
depth of coal on belt and speed of belt. A magnetic pulley of given 
diameter has a maximum depth of feed, and if tliis be exceeded 
separation cannot be guaranteed. On a very long belt it is possible 
for tramp iron to take up gradually a lower position near the belt 
and so come under the influence of the pulley to a greater extent. 
In the case of a thick feed on a narrow belt a larger diameter pulley 
may be used, and to maintain the belt speed this can be run at a 
slowei speed. By increasing the pulley diameter there will bo a 
(jonsidcrablo increase in the magnetic field. 

It has been suggested that the most efficient speed for a magnetic 
pulley or drum is between 30 to 40 r.p.m. There are two chief 
classes of separator in use, the self-cleaning magnets and those which 
have to be cleaned manually. Magnetic pulleys automatically dis- 
charge the extracted tramp iron, but suspension and chute magnets 
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need to be whut down for periodical cleaning. The construction and 
operation of the magnetic pulley is simple ; the magnetic circuit 
consists essentially of the poles and the cores, both being of circular 
form. The magnetising coils are wound on steel bobbins heavily 
insulated and held securely in position and collector gear is fitted. 
The magnetic fields can be varied to suit requirements, the pulley 
being arranged with the necessary poles separated by non- magnetic 
covers. 

Crushers. Many types of crusher are in service which arc 
designed to take “ run ot mine ” coal ajid reduce same to a suitable 
size. TJio out})uts of the crushers are sucli as to deal with the 
maximum working conditions. Crushers arc not installed in all 
stations, and when they are it is usual to include arrangements for 
)iy-]i)assing them siiould the coal not re(piire crushing. 

If crushers are used regularly, they may prove to be expensive, 
due to : higher price charged for the large coal received ; cost of 
crushing ; and eoml)ustion may be impaired because of the relatively 
higher i)roportion of duff unavoidably produced and carried into 
the boiler furnace. 

Grabs, (babs gcneially associated with telphers and cranes 
and form an imimrtaiit link in many coal -handling plants. In 
whatever form they arc a{)[)licd their adaptability to difficult 
positions, robustness and siniplieity have justified tlieir inclusion on 
(>ower station sites. For water-borne coal tJ»e grab is now (‘ommonly 
oin ployed for unloading purj)oses. 

Crabs are operated by chains or j*opcs and there are various 
types : double- and single-chain grabs, twin- and four -rope grabs. 
Multipe-rope grabs prevent spinning, which is useful wlien required 
to operate in confined spaces, such as wagons aiul barges. The grab 
is a one-operator machine. The load taken is governed by the 
supporting structure, runway or crane, but apart from this it can be 
designed to meet the needs of a coal -handling plant. 

Shunting Locomotives. Wcll-laid-out sidings for dealing with 
coal and ashes are essential in a high-capacity station and where 
possible it is desirable to surround the whole station with railway 
tracks, some being taken to various sections oFthe buildings and 
plant. The site layout may make it impossible to deal with the 
entire area by capstans, and it becomes necessary to provide a 
shunting locomotive. 

The site will primarily decide what type of locomotive can be 
used, then the quev^tion resolves itself into an economic one. The 
choice will be from electric, ste.am or diesel locomotives. Electric 
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and steam shunting locomotives have been used and have given 
satisfactory service over many years. Electric operation necessi- 
tates an overhead conductor system (Fig. 98) throughout the 
site, but this is offset to some extent by the reduced working costs. 
An alternative is tlie battery-driven locomotive which has proved 
very popular. Tlio steam locomotives may be of the fireless type, 
being charged from steam connections in the station. 



Fig, 1)S. Elcotnc Shunliiif? Loromt^tivc at. the Kcarsloy Power Statiun. 
(Briti.sh ThoriiKoii-Houston Co. Ltd.) 


(.'Omparative costs of locomotives are generally as follows, but 
special recpiircments may well add to the cost in each type : - 


Steam . . * . 

Diesel — iNteichanical . 

,, — Electric 
Firele.ss . 


100 

1-65 1-85 
2*25 2'50 
0*90 0-95 


Locomotive Crane. This is a useful machine for ship unloading 
and can also do shunting and lifting on the station site. It is 
flexible,* fairly cheap and reasonably low in maintenance. 

Grabbing Crane. I'he need for a coal-grabbing crane of the 
caterpillar-track type on some sites is very important as deliveries 
of coal by both rail and road are sometimevS extremely irregular, 
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thus necessitating rejjeated withdrawals from the emergency coal 
stocks. Some thousands of tons of coal may require to be reclaimed 
from the emergency stocks to keep the station in service. To 
deal with the quantities of coal which may have to be handled 
an efficient coal-grabbing crane should be available, for to carry 
out the work by manual labour, even if it were possible, would be a 
costly matter and regard must also be had to the fact that labour of a 
suitable type may not be available. 

A crane capable of stacking coal to a height of 12 ft. with a 
crane radius of 20 ft. and grab capacity 1 ton is very useful for such 
work. A diesel engine drive is used. Such a crane may be required 
to operate over uneven ground which becomes soft in wet weather. 

Weighing of Coal. The quantity of coal sent into a station 
must bo checked and recorded as required, e.g., a consignment of 
coal may be partly required for immediate use and partly for 
storage, and records must be kept of how this has been allocated. 
For small stations the usual weighbridge is quite suitable, but where 
large quantities of coal are dealt with automatic weighers are 
essential. 

When wagon tipplers form part of the handling plant the weighing 
operations can be carried out during unloading. A fully automatic 
system may be used when unloading by grab from colliers ; the 
quantities delivered to the bunkers or put into storage are therefore 
easily ascertained . 

The coal supplied to the individual boilers is also measured by 
the inclusion of automatic weighers between the bunkers and the 
millmg plant or stoker, depending on whether pulverised fuel or 
stoker-tired boilers are in use. Methods of measuring coal are 
discussed under Boiler Plant. Some typical forms are included 
showing how coal may be recorded. 

Control House. The choice of position and the type of building 
required for carrying out control of coal-handling operations will 
depend primarily on the methods of handling in use. In some cases 
the control centre is merely a protected metal-sheeted cabin, which 
is very cheap and no doubt serves its purpose well. With the large 
plants now being installed it is well worth while paying attention to 
the design, layout and methods of control. 

The control house can be made the centre from which all coaling 
operations are directed, and particular attention should be paid to its 
position, building construction and layout of plant housed in it. 
Features of importance are accessibility, observation and com- 
munication. There are no hard and fast rules which apply to all 



192 


ELECTRIC POWER STATIONS 


Wellfielp Cobpokation Electricity Dept. 
Wellfielt) Power Station 
Daily Report 

To Records Clerk Date 


I! 


No. of 
Boiler 

Steaming 

,d 

Banking 

Hours 

Coal Consume 

Hours 

Coal Consumed 

T. 

C. 

Q. 

Lb. 

T. 

C. 

Q. 

Lb. 

1 






2 






1 






3 



■■ 


4 







6 


j 




i 




1 

6 



' 





} 







1 








Total Coal Consumed T C Q Lb. 

Signed 

Charge Engineer. 



COAL-HANDLTNG PLANT 

Calculation of Coal Consumed 


193 


For month ending 194 . , 


Week ending 


194 . 


Coal in bunkers midnight 

Coal put into bunkers duuing period . 

Coal in bunkers midnight 

Coal consumed as per bunkers . 

Coal consumed as per daily returns . 


Advised Weighbridge 

weights weights 

T. C. T. C. 


Units Generated. 


Coal per kWh 

(Advised weights) 

per Bimkers. 

per Daily Returns. 



Weekly Analysts of Coal Advised 


Week ending, 


Supplier 


i ! ! 




1 



Date 

Wgs. 

T. 

C. 

Wgs, 

T, 

C. 

Wgs. 

T. 

C. 

Wgs. 

T. 

C. 

Wgs. 











1 













i 

1 














1 

r 











i 












































1 


i 



E.P.S. 
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Coal Burnt from Topping up Bunkers to Midnight 


To Staticyn Clerk. 


Date 





Boiler 

Boiler No. 1 

Boiler No. 2 

Boiler No. 3 

Coal Meter AeadlngB 

L.H. 

R.U. 

L.H. 

Tl.H. 

L.H. 

R.H. 

Readings at midnight 





* - " 


Headings at time of last 
topping up of bunkers 







Difference 







Equivalent in tons per 
boiler. 



— 

I j 

i 1 

1 




Tons coal remaining in 
coal flow. 

I 


1 





Time 

No. 1 Set 

Aux.’a 

No. 2 Set 

Aux.’b 

Bunker’s Tonnage at Midnight 

24-00 





No. 1 bunker 








No. 2 bunker 


Differ- 

ence 


i 

j 

. 



No. 3 bunker 

Total 





Signed 





Charge Snginur. 
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sites or methods of coal handling, but the time spent on planning is 
justifiable, and more so as the station increases in capacity. 

The house may be constnicted on similar lines to the main 
buildings in so far as architectural features are concerned ; brick 
and reinforced concrete are quite common. 

To obviate the accumulation of large quantities of coal dust the 
surfaces should be such that lodgment of dust is I’educed to a mini- 
mum. A, curved roof, supported on arches, would therefore meet 
these requirements. 

When wagon tipplers are employed the control house can be 
placed alongside the receiving hopper. If the hopper is some con- 
siderable height above ground level, as with side-discharging wagon 
tipplers, it is advisable to raise the control house to such a height 
that the operator has a completely unobstructed view of the whole 
equipment. Ample window space is necessary, particularly on 
the front and sides. The chamber immediately below can be utilised 
as a switch house, the transformers being placed outdoor nearby. 

The whole of the coal-handling plant may be arranged for 
control from this house, and it should be the only point in the entire 
system from which it is possible to isolate normal control and 
change-over to “ test control. Centralised control possesses 
certain advantages, some of which are : — 

(1) It enables the control gear to be grouped in one house 
remote from dust and dirt. 

(2) Groups of motors controlled from one position improve 
operation, since starting and running of the plant is simplified. 

(3) Main cabling and switchgear is simplified whilst the control 
circuits can be arranged in orderly groups. 

A telephone system for transmitting instructions should be 
included with connections to all important operating positions 
throughout the coaling plant. The lighting of the sidings, storage 
areas, etc., may be controlled from this house. 

Purchase of Coal. The class of coal used is controlled by the 
requirements of the boiler and handling plants installed, e.gr., stoker 
or pulverised fuel-fired boilers. Good buying depends on having 
as wide a specification as possible, but particular attention should 
be paid to guaranteed sizing figures, etc. The fuel purchasing ofiScer 
has no easy job when offers have to be compared from a wide range 
of coals. Speaking generally, the best way is to play safe and stand 
by the class of coal which has proved satisfactory under all knowti 
working conditions. To purchase an unknown cheaper class of coal 
may at first sight appear to give a saving on a large contract, but 
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Average calorific value of fuel raised to station bunkers B.Th.U’s/Lb. 
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Report on Coal Sample 

Source Date 

Name of Coal Merchant 

Description Wagon No 

Price per ton B.Th.U.’s per lb 

General appearance 

Proximate Analysis : 




Calculated to 


Air Dried t/oal 

As Kecelved 

Dried 

Dry Aah Free 

Surface moisture . . ^ 




Hygroscopip moisture 





Total .... 





Volatile matter (less moisture) 





Fixed carbon 





Ash . . . 


1 



Total . ... 

100 : 

100 

100 

100 

Total sulphur . 





Combustion sulphur . 





Calorifio value 
(B.Th.TJ. per lb.) 





Remarks : — 






Sizing Test : 


Over i in. sieve 

Per cent. 

Colour of ash 

Through \ in. sieve over | in. sieve 

Character pf coke 

M 1 in. sieve . 

. 

Melting point of ash. 

M i in. sieve . 


Total . 

100 


Signed 
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large-scale extensive trials should first be undertaken and even then 
it is still j^ossible to be let down. The most important factors 
affecting effic^ieney are the different characteristics, heat value and 
size of the coal. Few coals have the same characteristics even though 
the heat value may be similar, and efficient results cannot be obtained 
unless the peculiarities of each coal are carefully considered. 

In order to bum certain coals efficiently it is essential that they 
should be mixed with other coals, but such mixing requires care. 
It may be necessary to have separate bunkers for different coals, 
and intimate mixing is necessary before delivery to the boiler 
bunkers. Some coals (slack or duff) bum better when wetted, and 
it is possible to ofctain higher combustion chamber temperatures 
and a higher COg. Apparently some improvement is effected due 
to the moisture expanding and moving the particles of dust coal 
apart, thus allowing more even access of air through the fuel bed. 
Unless duff coal is wet it goes over the grate like a blanket and at 
a low chamber temperature, and if the draft is increased too high it 
breaks up the fuel bed into ridges through which large volumes of 
excess air enter the combustion chamber, thereby lowering its 
efficiency. The legislation controlling production and selling of 
coal has also to be reckoned with, and a number of undertakings 
have raised the following complq.ints : — 

(1) The j)rio 08 quoted are unfair, inequitable and contrary to the public 
interest. 

(2) A considerable portion of the coals offered is of a low quality and 
unsuitod for the retjuirements of an electricity undertaking. 

(3) The (^uota for the district is insufficient to enable the individual 
colliery undertakings to offer adequate supplies r)f the quality of coal required. 

To illustrate the case in point, an electricity undertaking adver- 
tised for 700,000 tons of coal and subsequently obtained tenders 
for 600,000 tons, but only 300,000 tons were offered from the local 
collieries. It was contendi^d by the undertaking that the advantage 
of the geographical position of the station was partly lost ; which 
would appear to be a reasonable complaint. Further, the price 
of coal had increased by between 65 . to 7s, per ton over a period 
of some four years. With the advent of nationalisation of the coal 
mining and electricity supply industries in this country improved 
programming of supplies to power stations has been facilitated. 
Fig. 99 shows the average price of coal supplied to one Yorkshire 
power station. 

No doubt the increase in price of coal to electricity undertakings 
has been precipitated by the increased capacities of modem power 
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stations. It is more difficult to buy large quantities of coal at 
a low average price than to buy small quantities at a low price. 
The development of electricity supply has had its effect on the coal 
mining industry in that as development increased the demand 
for domestic and industrial coal in turn decreased. In order to 
equalise matters it has been suggested that undertakings should 



Fig. 99. Average Price of Coal. 

use a proportion of screened largo coal and crush it at the stations 
to a size suitable for consumption in the boilers. , 

Coal can be bought on analysis, penalty clauses being mcluded 
to protect the purchaser where guaranteed figures are not obtained, 
after allowing agreed tolerances. This necessitates constant sam- 
pling and testing of all coal delivered to the station. A scoop with 
extended handle enables coal to be taken in stream flow from 
rail wagon and road vehicle. Another type of coal sampler embodies 
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a hinged scraper arm which is operated by a thrustor through a link 
mechanism carrying the scraper across the width of the conveyor 
belt. The scraper moves a cross-section of the coal and delivers it 
into a side chute. The driving motor is totally enclosed, fan cooled. 
A scoop-type coal sampler takes samples from a conveyor at the rate 
of twenty-two samples per hour in one plant. Should the coal be 
very wet (15 per cent, moisture or more) and sticky, considerable 
troxible will be experienced on elevators, in bunkers and coal chutes 
leading to the stoker hoppers or milling plants. Ash and sulphur 
contents are important characteristics and have considerable influ- 
ence on the operation and maintenance of boiler plant. Coals of high 
ash content impose greater duty on the ash-handling plant and also 
affect the stoker (and possibly pulveriser) performance. Ash in coal 
affects : (1) Transport and handling of coal ; (2) Boilers require more 
cleaning ; (3) Removal and disposal of ash and clinker ; (4) FD and 
ID fanpower ; (5) Repairs and maintenance of coal-handling plant 
and grit arresters ; (6) Grinding with pulverised fuel plants ; (7) Loss 
of combustible in ash ; (8) Capital charges on boiler plant. Coals of 
high sulphur content (3 to 5 per cent.) result in serious boiler outages 
owing to the formation of hard deposits on air heaters and tubes. 
Samples may be taken for either of two puri)osos : — 

(1) To test the quality of a consignment of coal as received. 

(2) To determine the average quality of the coal supplied to a 
boiler over a given i)eriod or in a boiler trial. The general requii’e- 
ments regarding sampling and testing are given in British Standard 
Specification No. 735/1937. The conditions under wliich the plant 
is operated will also influence the class of fuel to be used, whilst 
the question of ash disposal should also be borne in mind. Typical 
coal analysis reports are shown. As a means of fuel comparison 
the following rule is useful : — 

B.Th.U. per lb. X 2,240 
Price per ton pence -f- ash-handling charges' 


Coal may be roughly classified as follows : — 


Class 

Volatile Matter, per cent. 

Fixed Carbon, per cent. 

Anthracite . . . 

Semi-anthracite .... 

Semi-bituminous .... 

Bituminous ..... 
Gas coal ...... 

3 to 9 

9 to 17 

17 to 25 

26 to 40 

40 and upwards 

83 to 90 

76 to 85 

00 to 75 

40 to 60 

60 and below 
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Generally, the higher proportion of fixed carbon the higher 
calorific value of the coal. The proximate analysis will show the 
percentage of volatile matter, ash, moisture, and fixed carbon 



contained in the samjJe tested. Brown coal of 2,900 B.Th.U. and 
66 per cent, moisture has been used abroad for power station 
service. 

The calorific value of the coal may be given as either a gross or 
net figure and the first is usually preferred. It does not, however, 
allow for the fact that all available heat is not usefully employed. 
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Fio. 101. Data for Outcrop Opencast Coal. 


since vapour initially in the coal, plus that resulting from com- 
bustion of the hydrogen in it, is carried away in the flue gases. It 
can be determined by calorimeter with reasonable commercial 
accuracy. The net calorific value is based on assumptions and may 
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be differently interpreted. In practice it now entails a fixed con- 
ventional deduction of 1,060 B.Th.U. per lb. of water as the latent 
heat of condensation (see Chapter XX, Vol. II). Figs. 100 and 101 
show characteristics of some of the coals used in a Yorkshire power 
station. 

Storage. The problem of coal storage should be carefully con- 
sidered and whatever methods are adopted they should meet all 
conditions of operation with a minimum of expense. Factors to be 
considered are : ground area and rent thereof, risk of spontaneous 
combustion, losses on storage and deterioration of coal, interest 
on capital cost of coal lying dormant, cost of insurance, handling 
costs necessitated by storage and reclamation, ability to overcome 
fire, local conditions of wind and climate. 

The area chosen should be adequate for the ultimate require- 
ments of the completed station. Assuming coal to weigh 60 lb. per 
cubic foot and the height of storage heap not to exceed 10 ft., then the 
area required to accommodate 10,000 tons would be 


10,000 X 2,240 
50 X 10 X 9 X 4,840 


= 1 acre approx. 


The sizes and heights of coal heaps vary considerably suioe much 
depends on the nature and size of coal, the method of storing and the 
storage area. 

The ground should be dry and level, preferably a concrete 
floored area, whilst admission of air should be as small as possible. 
Gantry legs, drains and coarse cinder bottoms should be sealed to 
prevent the ingress of air to coal heaps. Different classes of coal 
should not be deposited in the same heap, and all sizes should be 
well mixed. Large diameter vent pipes are not recommended for 
they may do more harm than good. 

If heaps of,' say, 20 to 30 ft. are required, rolling and packing 
are necessary to prevent fires. A compressed coal pile is built up in 
layers so that all voids between lumps are filled with fine particles. 
This excludes air from the pile and retards sjX)ntaneous combustion. 
If there is any doubt about the storage of new coals it is advisable to 
include small ])ipes, say ^ to 1 in. diamet/er, for insertion of ther- 
mometers at various positions throughout the storage area to enable 
a watch to be kept on the temperatures. It has been suggested that 
130® F. is about the limit for continuous safe storage and at 150° F or 
above the surrounding coal should be used or moved to cool off. The 
only safe way to deal with a coal fire is to dig out the area affected as 
quickly as possible. Playiug water on burning heaps aggravates 
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matters and if digging out is not possible then the heaps should be 
smothered with sand or soil. 

There are many forms of storage some of which are : 

{ ] ) Stacking the coal in heaps over available open ground areas. 

(2) Ditto, but placed under cover or alternatively in bunkers. 

(3) Allocating special areas and surrounding these with high reinforced 
concrete retaining walls. 

(4) Similar to method (3), but arranging the-^^e areas below normal ground 
level so that the coal may be completely immersed in water, e.g,^ old dock 
basins and gas holder pits. 

The methoris of .storing coal will dictate the types of storing 
and reclaiming pknts required. Storage hoppers or bins are used 
for small stations and may be of wood, brick, cast iron, steel plate or 
reinforced concrete. To (‘ounter the fire danger from internal com- 
btistion coal can be enclosed by a 10 ft. retaining wall which denies 
winds access to the sides of the stockpile. The (‘.oal, being stacked 
by bulldozer, is thoroughl}^ compacted and thus, with the protection 
of the sides, effectively prevents air circulation in the interior of the 
pile and inhibits the outbreak of fire. 

Provided land is available and not too costly, outside storage is 
cheaper than internal overhead storage, hence the tendency is to 
store coal mainly in the open and to provide only a limited amount 
of inside storage. With adequate outside storage, together with 
reasonable size inside bunkers, it is possible to draw from various 
classes and meet changes in electrical load fairly quickly. 

The “ Bulldozer ’’ may be used to augment the usual outside 
storage equipment and this enables coal to be pushed to whichever 
part of the stockyard is most convenient. The ’dozer is a tractor 
machine having a large scooper or scuttle attachment in front, and is 
driven by internal combustion engine. It has the great advantage 
of flexibility of application since it can be used on any stock pile in 
almost any path. A 75 H.P. machine can handle over 100 tons per 
hour with a range of 30- to 40 yds. Wing plates attached to the 
U-blade of a bulldozer increase the “ move ’’ capacity within the 
capacity of the machine. 

A few notes on some of the plants used will be of interest and the 
illustrations show their application. 

Transporter Storage. The transporter has been used where 
large storing and rec^laiming capacities are demanded. A large 
storage area of rectangular shape with facilities for either sea- or 
rail -borne coal is usual. 

Coal can be stored and reclaimed as desired^ the travelling 
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transporter being fed by conveyor and operated at any position in 
the length of the heap. The transporter discharges to the heap by 
conveyor and reclaims by grab to a conveyor. 

One very large station used over 25,000 tons per week, 
six colliers with an average of 4,200 tons each being unloaded 
weekly. 

Two ships of this size can be unloaded simultaneously and with 
seven jetty cranes working under the best conditions coal is handled 
in shore at the rate of 1,000 tons per hour. Under average tide 
conditions a 4,200 ton collier is normally unloaded in nine working 
hours. The storage capacity at this station is suitable for 220,000 
tons of coal, and this is catered for by transporters. 

For a station of ultimate capacity 500 MW, the coal-handling 
plant was designed for 400 tons per hour, carried out by self- 
unloading boats discharging on to a dock serviced by a 350-ft. 
span gantry crane and a cantilever over the dock, 165 ft. long, 
permitting a travel of 150 ft. A grab buckel of tons capacity 
discharges either to storage or to a hopper feeding a horizontal belt 
conveyor running parallel to the crane track. The coal is then taken 
to an inclined belt to the transfer house, where it is transferred to a 
second inclined conveyor at right angles wliich feeds the bunkers. 
Storage is provided for 200,000 tons of coal with an additional 
50,000 tons along the dock. 

Drag Scraper Storage. The coal is delivered by conveyor or 
elevator to an initial heap from which the scraper spreads it over 
the storage area. The scraper can dig from any part of the area 
and deliver it to a hopper, from which it is elevated or discharged to 
wagons and taken to the boiler bunkers. When travelling forward 
the scraper digs and fills quickly, but uniformly, and when full the 
digging process is stopped and the scraper with its load rides on top 
of the heap when conveying to the hopper. The advantages of this 
method are : storage area of irregular shaj)e and varying level can be 
used ; low capital cost ; low maintenance and repair charges, 
low operating cost ; robust and simple in design and operation ; 
immune from firing ; will fit any storage area ; facilitates fire 
fighting ; it is able to operate in severe frosts' and heavy falls of 
snow. The disadvantages are : cable wear, coal breakage, and 
moving of tail blocks. The latter is obviated by using a moving 
car on a track around the circumference of the storage area to carry 
the tail blocks instead of using ])ost anchorages. A double-drum 
friction winch is employed to drag an open-bottom bucket fastened 
to an endless wire rope, from the receiving pile to the storage area 
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and then return empty to iU starting point for a new supply. By 
reversing the bucket and dragging it across the (^oal heaj^ to the 
feeding hopper, coal is reclaimed. 

For storage areas of about 3,000 tons minimum, fixed anchorage 
posts at regular intervals (connected by wire ropes fitted with rings) 
enable the guide sheaves to be placed for different directions of 
motion of the bucket. A movable car running on a rail track is 
usual for larger storage areas. The entire storage ai'ea cannot be 



Fig. 102. Drag Scraper System at Barton Power Station handling Coal at 
75 tons per hour on an average haul of 100 ft. Winch fitted with 50 
H.P. motor and remote control gear. Capacity of store, 27,000 tons. 
Plant fitted with back posts of concrete construction. (Internatiorial 
Combustion Ltd.) 

considered available for daily demands, and a restricted area of 
less than half the total area can be worked. The average length of 
haul over this restricted area should not exceed 100 ft., thus obtain- 
ing a high -moving capacity in both motions. The outer area is held 
as a reserve store over which the rate of handling need not be high 
under normal working conditions. Rope wear is aggravated by the 
snatch at take-up of load, and as wet, consolidated and frozen coal 
piles have to be dealt with, any smoothing out of this initial kick may 
impair reclaiming operations. The inclusion of an hydrau^lic coupling 
between the motor and winch reduces the snatch on the rope. 
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Friction clutches are liable to damage if continuous slipping 
takes place. The hydraulic coupling provides a good alternative, 
and is completely automatic at all speeds. It is not suitable for 
drives requiring the maintenance of exact speed ratios, as its action 
depends upon the relative slip between the two shafts. For a given 
maximum input torque and speed, this coupling will apply the 
required output torque at the expense of a reduction in output 
speed, which may fall to zero without damage to the coupling or 



Fia. 103. Drag Scrapor Bucket for Barking Power Station, handling 160 
tons per hour (4 cubic yard bucket), on an average haul of 226 ft. 
Winch fitted with 200 H.P. motor. Capacity of store, 85,000 tons. 
Both winch and tail car fitted with remote control gear. (International 
Combustion Ltd.) 

overloading of the motor. The rate of response is still hardly u]) 
to that of electromagnetic couplings. Nevertheless, there is complete 
enclosure ; less noise, and greater simplicity of controls. 

It has been suggested that a life of 12,000 tons for the inhaul rope 
can be expected although this is found to vary. Some users have 
removed the digging teeth and fitted shock absorbers in an endeavour 
to overcome excessive cable wear and breakage. This has not always 
li^ulted in any marked improvement and the teeth have had to be 
replaced due to the coal sticking, freezing and channelling. 

Much r(j|nains to be done in the design of this simple but effective 
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plant and no doubt experience gained on present installations will be 
of use to manufacturers. It appears to be a question of balancing 
wear and tear on cables against the capital cost of equipment pro- 
vided and assume this to be the best solution. The coal stored by 
this method is more generally mixed and compressed than when the 
heaps are formed by depositing the coal from a chute, grab or con- 
veyor. Segregation takes place when the coal rolls down a slope as 
the lump3^ coal rolls to the bottom, leaving tlie fine material on top, 
which is conducive to spontaneous combustion. Figs. 102 and 103 
give typical details. 

Conveyor Storage. Storage made by conveyor is a moderate- 
size working heap And seldom remains imtouched for long periods. 
If this is so, it is justifiable to forget the heating danger which may 
be caused by coning and segregation. The storing belt conveyor 
can be made reversible and used for reclaiming, a travelling hopper 
with feeder being fed by grab. 

Telpher Storage. The telj)her is of the man-trolley monorail 
type, and may be used for unloading colliers, discharging to storage 
or bunkers and reclaiming from storage to bunkers. The storage 
is limited since the line of the grab is fixed, and if storage is on the 
ground the telpher can only recover about half the amount stored, 
the remainder having to be brought within reach of the grab. 
Since the telpher stores in a straight line, it cones and segregates 
the coal. It is possible to increase storage and reclamation by 
including a traversing bridge or transporter and using a top-rail 
telpherage system. A branch track at right angles to the main track 
is provided with a running switch, and the complete curve and 
branch track is carried by a girder which spans the coal store. This 
method cannot be applied to a bottom flange system owing to the 
running switch. 

Underwater Storage. This method has been adopted wherever 
site conditions permitted. The coal does not deteriorate under water, 
is free from the fire hazard- and also reduces the danger from incen- 
diary bombs, which now have to be reckoned with in aerial warfare. 
Drag scraper, transporter and telpher handling can be applied 
to this method of storage. Disadvantages are deterioration of grabs 
and scraper equipments. 

Miscellaneous. Other equipments which have proved satis- 
factory for stacking and reclaiming large quantities of coal on open 
ground are: (1) portable inclined belt conveyor; (2) portable 
chain and bucket elevator ; (3) mechanical shovel (scgpp, bucket 
or bulldozer). 
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Electrical Equipment. The electrical equipment should be of 
robust design and construction and suitable in all respects for all 
conditions of service. Electrical equipment is generally very reliable 
and also scores on economic grounds and flexibility. The motors 
should be liberally rated with enclosures to suit working conditions. 
Speaking generally, totally enclosed motors are usually adopted for 
all services. In view of the prevalence of dust and dirt, motors of 
the totally enclosed fan-cooled type are favoured. Cooling is 
assisted by an external fan wliich forces air over the shell of the 
machine. With this form of constriKjtion it is impossible for dust, 
dirt or moisture to gain access to the interior of the machine, while 
the system of forced ventilation adopted enables the overall size of 
each motor to be reduced considerably as compared with ordinary 
totally enclosed machines. 

The contactor gear, switch fuse boards, limit switches, controllers, 
etc., should be placed in accessible positions to facilitate inspection 
and maintenance. Where necessary this apparatus should be dust 
and weatherproof. 

The various items of plant are interlocked and work in some 
predetermined sequence. Emergency stopping devices are included 
throughout the system, and it is usual to provide “ stop ” pushes 
at regular intervals of 30 to 40 ft. along the length of a conveyor 
walkway. Probably the simplest case of interlocking is where an 
elevator is working with a conveyor. The electrical connections 
are arranged so that it is impossible to start an elevator until the 
conveyor is in service. Similar arrangements would be necessary 
for a feeder supplying a conveyor or a skip hoist. 

Although many interlocking schemes are now giving satis- 
factory service, it is impossible to eliminate the human element 
entirely. The operation of a wagon tippler is controlled by a manually 
operated controller in both forward and reverse directions. The 
equipment is fitted with a limit svitch that automatically stops the 
hoist on reaching either the top or bottom positionKS. 

AVith skip hoist or bucket elevator installations, where two 
hoisting units discharge into a common top hopper feeding two 
conveyors, interlocking arrangements are incorporated. Should one 
conveyor fail when both hoisting units are working, the top hopper 
would overflow unless the attendant stopped one hoist. The inclusion 
of a change-over switch makes it possible to run eitlier convej or with 
either hoisting unit, and appears to meet all requirements. 

General Data. A number of installations are given for the 
purpose of reference : — 
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Example 
Wagon Tipplers 

Number installed . . Two. 

Type .... Side discharge fitted with weighing machine. 
Size of wagons . . 8 to 20 ton standard coal wagons. 

Number of wagons per 
hour . . . .10. 

Minimum capacity . . 80 tons of coal per liour each. 

Type of weigher . . Fitted witli printing steel yard. 


Motor data 

25 480 

rating. 

r.p.m., T.E.S.R. 1 hour 

Skip Hoists 

Number installed 

Two. 


Typo . 

Counter balance 


Capacity 

80 tons per houi 

• each. 

( -apacity of skip 

6,000 lb. each. 


Time for complete cycle 

2 minutes. 


Number of trips per hour. 

30. 


Speed of hoist 

250 ft. per minute. 

Motor data 

45 13.H.P., 730 
rating. 

‘.p.ni., T.E.S.R. continuous 

Conveyors 

Number installetl 

Two. 


Type . 

Belt. 


I-ength . 

270 ft. 


Size 

24 in. wdd(‘ 5 X 

3 ply. 

Material 

Rubber and canva.s. 

Thickness of rubber 

1 in. carrying si< 

le, in. return side. 

Total thickness 

in. approx. 


Speed 

200 ft. per minute. 

Capacity 

80 tons per hour each. 

Materials handled 

Boiler house coal. 

Tripper speed 

20 ft. per minute. 

Motor data 

10 730 r.p.m., T.E.S.R. continuous 


rating (brush lifting gear). 

Head pulley . 

24 in. diameter' 


Tail 

20 


Snub „ 

12 

-All 26 in. face, cast iron. 

Bend „ 

15 


Tripper pulleys 

24 


Trough ing idlers 

5 pulley type at 4 ft. centres (closer pitch at 
feed points). 

Return idlers , 

Single pulley, at 10 ft. centres. 


Feeders 

Number installed . Two. 

Type . . . Rotary table. 
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.S]jeod of table. 
Capacity of table 
Diameter of table 
Motor data 


Receiving Hopper 

Type . 
Capacity 

Example “ B ” 
Wagon Tipplers 

Number installed 
Average cajiacitv 

Feeders 

Number iiisljdl<‘<l 
Typo 
Capacity 
Motor data 

Conveyors 

Number installed 

Type 

Length . 

Size 

Mateiial 
Speed 
Capacity 
Motor data 


Example C 

Elevators 

Number installed 
Type . 

Material 
Length . 

Number of buckets 

Speoci 

Capacit}' 

Motor data 

Conveyor 

Number installed 
Type , 

Length . 


20 r.p.m. 

80 tons of coal per hour each. 

5 ft. 6 in. 

10 B.H.P., 730 r.p.m., T.E.S.C. continuous 
rating. 


Reinforced concrete. 
42 tons. 


Tu'o. 

140 tons of coal per hour eacli (data not 
given, as exam[)Ie “ A ”). 


Two. 

Jigging. 

140 tons per hour each. 

5 750 r.p.m., T.E.S.C, continuous 

rating. 


One. 

Belt. 

445 ft. 

24 in. wide, 4 ply. 

Rubber and canva.s. 

420 ft. per minute. 

140 tons ]ier hour. 

10 B.H.P., 720 r.p.m., T.E.S.R. continuous 
rating. 


4’wo. 

Bucket (small coal). 

Heavy malleable iron, 
no ft. contrc'.s. 

114. 

120 ft. per minute. ' 

30 tons per hour. 

15 B.H.P., 710 r.fi.in., T.E.S.R. continuous 
rating. 


One. 
Belt. 
190 ft. 
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Siz6 

Material 

Thickness of rubber 

Speed 

Capacity 

Motor data 

Head pulley . i 
Tail „ 

Snub „ 

Troughing idlers 
Return idlers 


20 in. wide, 4 ply. 

Rubber and canvas. 

J in. top, ^ in. back. 

200 ft. per minute. 

30 tons per hour. 

960 r.p.m., S.P.S.C. continuous 

rating. 

20 in. diameter 
20 

9 „ 

3 pulley type. 

Single pulley. 


■All 22 in. wide. 


Receiving Hopper 

Number installed , . Two. 

Type .... Reinforced concrete M.S. plate lining. 
Capacity . . .10 tons each. 

Drag Scraper (small area, 3,500 tons) 

Caj)acity . . .70 tons [xu' hour. 

Journeys . . .78 per liour. 

Time Out and In . .46 seconds. 

Speed of haid . . . 7-35 ft. ))(‘r second. 

Distance out and in . 360 ft. 

Motor data . . . 60 B.H.P., 970 r.p.m. 


Example “ D ” 

Suction Plant 

Reciprocating vacuum puinj) 175 B.H.P. 

Free air .... 4,500 cub. ft. i)er min. 

Vacuum . , 9 12 in. Hg. 

Pipes . . . .7 in. dia. 

Capacity . . . 90 tons per hour. 


Estimation of Plant Capacity. A boiler house has eight boilers of 

187,500 lb. per hour M.C.R. 

Total steam available — 8 x 187,500 lb. per hour. 

Assuming average steam p(‘r unit generated = 10 lb. 

rr ^ 1 V . ^ S X 187,600 

1 otal units generated per hour = . 

Assuming average coal consumption per unit generated 

= 1-2 lb. 


Coal used per hour = 


8 X 187,500 X 1-2 
10 X 2,240 


= 80 tons. 
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Alternatively the coal used can be estimated as follows : — 
Water per lb. of coal of 11,000 B.Th.U. at 86 per cent, efficiency : 


W = where 

11,000 X 0-86 
"" 1-26 X 970-7 


C = calorific value of fuel 

E = efficiency of boiler. 

= factor of evaporation. 

L = Latent heat of steam at 212° P. 


= 7^.1b. 

Total steam available = 8 x 187,500 lb. i)er hour 

, . , 8 X 187,500 

. . coal used per hour 

^ 7-8 X 2,240 

~ 86 tons. 


Tt is quite unlikely that all boilers will be working together or 
even at the M.C.R, output. It is reasonable to assume that six 
boilers would work together, in which case 60 tons per hour would be 
required. It is always desirable to have sufficient capacity in hand 
to allow for the varying conditions of operation and classes of coal 
used. 

The actual capacities of coal-handling plants usually fall much 
below the designed figures, as will be observed from the following 
data : — 



Actual Operating 
Conditions 

Teat licsulta 

Coal to Bunkers 



Maximum tons per hour (good coal) . 

80 

80 

Minimum tons per hour (wet coal) . 

40 


Average tons y^er hour (average coal) 

60 


Coal to Store 



Maximum tons jior hour .... 

60 

80 

Average tons y)or hour .... 

50 


Reclamation from Store to Bunkers 



Maximum tons per hour (good coal) 

60 

80 

Minimum tons per liour (wot coal) . 

26 


Average tons per hour (average coal) 

45 

f 



Water-borne Coal 


Average capacity 

Colliers up to 2,000 tuns . 50 per cent, of maximum capacity 

Colliers 2,000 to 5,000 tons. 60 „ „ ,, 

Colliers 5,000 tons and over 70 „ „ „ 

Maximum capacity is possible at high tide and full cargo. 
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In many caHes duplicate items of plant are installed throughout, 
whereas in others only certain sections are duplicated. 

The question of shift working must also be considered, and by 
duplicating handling plant it will be possible to meet the coal 
requirements much quicker with consequent saving in labour. For 
example, in one eight-hour shift with two conveyors each having a 
handling capacity of 80 tons per hour it is possible to meet the 
requirements of the boiler house under maximum_ateaming condi- 
tions for twenty -four hours. 
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ASH-HANDLING PLANT 

'Phe disposal of ashes from a large-capacity power station is of 
some importanae when it is realised that they represent from 10 to 
20 per cent, of the coal used and may amount to more than 60,000 
tons per annum. The problem of asli and dust handling and particu- 
larly the disposal, is one of the major points in station design. The 
ash plant should be located on the leeward side of the station so 
that dry ash is not blown or drawn into the buildings. 

Where sea-borne coal is in use barges may be used for dumping 
ashes in the sea. Inland stations depend on building contractors 
for the disposal of a large proportion of the ashea, although waste 
land sites may be reserved for this purpose. Land for ash tipping is 
necessary unless there is a large demand for ashes for building, 
roadmaking and similar purposes. Disused quarries within reason- 
able distance of the station are worth acquiring as they are usually 
capable of catering for the ash requirements over a number of years. 
Ponds with deep embankments may also be constructed, and when 
capacity is reached they can be covered with soil and seeded with 
grdss. 

Ash disposal is a problem, even if ingenious methods are devised 
to clear the boiler residue out of the building. Whatever plant 
is adopted it should have a minimum number of units of robust 
construction with a view to reducing maintenance and running 
charges to minimum. The ever-increasing capacities of boiler 
units together with their ability to use low-grade coal have been 
responsible for the development of numerous systems of ash hand- 
ling. The fundamental problems in ash handling are dust nuisance, 
hot materials, abrasive properties, poisonous gases and corrosive 
acids. It IS preferable to quench the ashes and some of the advan- 
tages of water quenching are ; the sudden quenching of ash tends to 
disintegrate large clinker and reduce it to more- manageable propor- 
tions ; it reduces the ash to a dustless condition and the water is 
used as a seal to prevent uncontrolled air entering the boiler under- 
going ashing and so upsetting combustion conditions. 

Ash from retort stokers is comparatively cold when it leaves 
the pit and the advantage of disintegration is not obtained and 
frequent crushing is desirable. If continuous crushing were carried 
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out the ttsh woulfl bo hot and disintegration would take place 
preventing choking of the sluiceway, but serious trouble would be 
experienced on the crushers and shafts. A head of ash should be 
maintained above the crushers, and grids under the ash hoppers 
serve no useful purpose and need not be fitted. Whether in a dry 
state or carried in water, any parts of conve 5 mig equipment which 
are in contact and move in the ashes or in a mixture of ashes and 
water are subject to excessive wear. The simplest and by far the 
best method of ash removal is to arrange for railway or road wagons 
to travel immediately below the boiler ash outlets, but this necessi- 
tates a higher boiler house basement and quenching sprays in hoppers. 
Alternatively, hopper wagons may be used. Whatever system of 
handling is installed removal of ashes from the boiler outlets and 
basement in case of failure of the main system must be allowed for. 
Narrow-gauge ash wagons running alongside the ash outlets are 
suitable. The ashes have to be removed from the boilers and trans- 
ported direct to a disposal dump or held in storage until disposal 
facilities are available. To carry out those operations various types 
of equipment have been used, some of which are ash wagons, skips on 
runways, aerial ropeways, scraper conveyors, water -sluicing, pneu- 
matic suction, belt conveyors, etc. The method chosen will depend 
to a great extent on the site and other local conditions. The efficient 
handling of ashes is a matter of utmost importance in a station 
running at high load factor and buniing any considerable tonnagt^ of 
coal, especially when it contains a high percentage of ash. 

The fact that power stations are likely to continue to run at 
high load factors and burn large quantities of low-grade coal, having 
a high percentage of ash, demands that close attention should be 
paid to the ash-handling plant if reliable and economic operation 
is to be maintained. For any ash-handling plant it is generally 
recognised that the principal requirements are : — 

(1) The plant whould be able to handle large clinkers, boiler refuse, soot, 
dust, etc., witli the miniminn of attention from operators. 

(2) The ever-present feature of abrasion should be rendered ineffective 
by the adoption of plant ami ec^uipment designed and constructed in such a 
manner that long iminterruf)ted periods of operation can be obtained with 
little attention. 

(3) The plant should deal effectively with hot and wet ashes, and operate 
with but little noise, and, above all, keep the dust nuisance within desirable 
limits. 

(4) The operating and maintenance charges should be kept to a minimum, 
and in this respect experience shows that the layout of the plant plays a 
considerable part in effecting savings. Reasonable facilities for access during 
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operation and maintenance are essential if this is to be achieved and the 
continued interest of the personnel — a most important consideration — is to 
be maintained. 

(6) The system adopted should under all conditions of operation lend 
itself to the ready disposal of the ash from the site. 

(6) The plant should have a high rate of handling in order to deal 
adequately with any sudden change in boiler operating conditions, and 
consume as little jiower as possible. 

(7) The ultimate station capacity should bo considered in the early stages 
of design, and the ash plant employed should permit of extension to meet 
all future needs. 

Ill preactice the characteristics of boilei* ash vary over very wide 
limits, and the production of large clinker is almost unavoidable 
when poor classes of c;oal are burned. The ash is also found to vary 
according to the method of firing employed. Troubles may be 
experienced with any of the firing systems now in use, depending 
on the classes of coal fired and the combustion conditions obtaining. 
The tliermal, chemical, and physical characteristics all play their 
part in the resultant ash formation, and no hard-and-fast rules can 
be made which will apply to all or any operating conditions likely 
to be met with in practice. In the case of pulverised fuel, it should 
be mentioned that some 60 to 85 per cent, of the total ash content 
appears as dust in the grit arresters and hoppers, and can, therefore, 
be separated from the ash system if desired. It has been the general 
practice to discharge the flue dust and riddlings into the sluicing 
system, but experience indicates that this grit was responsible for 
the majority of the wear which took place on the x^ping and more 
usual cast-iron pumps. These grits or fines do not settle out in the 
sump, and in pulverised fuel plants they apx)ear to be made up of 
hollow sj)hercs which are able to float, and may even extend to a 
dei)th of some 2 ft. under the water surface. This sump water is 
nearly always in a turbulent state, a condition which does not assist 
settling. Difficulties have been experienced with the grits that do 
settle, due to their causing the bulk of the ash in the sump to set 
hard after a few hours. This makes the task of reclamation by grab 
more difficult. 

During very frosty weather it may be necessary to dry a propor- 
tion of the ash before disposal. Holding up of ash in the receiving 
bunkers may be caused by freezing up solid in which case steam may 
have to be applied to free it. Space should be left between the sump 
and bunkers to allow wagons or road vehicles to be filled direct from 
the grab. 

In years to come there may be no necessity to handle ashes if 
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pit. Tlie centrifugal pumps have their suctions arranged tangentially 
from tliis pit. The function of the swirl pit is to maintain the 
ash in suspension in tlie water thus enabling the pumps to handle it 
satisfactorily. These pumps are full bore and discharge the ash and 
water either to temporary storage bunkers or waste land. Where 
waste land is available it provides a convenient means for ash 
disposal but a constant supply of make-up water is required for 
sluicing. A tappmg oflE the condenser circulating water system may 
be used for this purpose. 

When ashes are stored in bunkers a closed system may be used 



in wliich the water is stored in an overflow tank. When the plant 
is started up the water is* drained from the storage tank to the 
swirl pit where it is handled by the pumps and discharged to over- 
head ash bunkers. In these bunkers the water passes over a weir 
and gravitates to the heads of the sluice troughs. The bunkers are 
usually divided into a number of compartments each being filled 
alternately thus allowing a draining period before the ash is dis- 
charged. As the ash level rises in the bunker the displaced water is 
conveyed by way of overflow pipes to the overflow tank so that when 
the first compartment has filled with ash, water is available in the 
storage tank for use with the second compartment, and so on. These 
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bunkers are fitted with a special ash door which allows the water 
to drain off without opening the door. After a reasonable period of 
drainage the ash can be discharged direct into trucks, lorries or 
barges. 

The high-pressure system has been chiefly used for pulverised 
fuel boilers. The hoppers below each boiler are fitted with water-jet 
iiozzles at the top for quenching the accumulation of ashes and have 
sluicing nozzles at the bottom of the hopjier. The ash is removed 
intermittently, since the hoppers are of large capacity, and the rate 
of ash removal is very high. When it is desired to empty a hopper 
the pum])S are started which supply water to the sluicing nozzles 
in the hopper and culvert and the gate is then opemed. The ashes 
and water flow along the trough to a receiving sump or whirl pit, 
the water being re-circulated as required. The ashes or slurry may 
then be pumped to overhead bunkers, ash dump or barge. Altern- 
atives arc to employ a grab transporter or telpher plant. 

In the low-pressure system the water is re-circulated continu- 
ously. The continuous water-sluicing system has lower power costa, 
is more flexible, dispenses wdth dust troubles, and hot clinker on 
falling into cold water tends to be disintegrated. 

With water (quantities and power recquirements it is difficult to 
make a fair comparison without detailed particulars of the two tyq)es 
of plants. Generally it w'oulci aq)pear that while the quantity of 
w^ater required for low-qiressure sluicing w^as two to three times 
tliat for an equivalent^ high-pressure plant, the exact opposite would 
be the case for the maximum power recquired to drive the sluice 
pumqis. This high power requirement w^as sometimes considered 
a disadvantage of the high-q)ressure system, but ajmrt from the fact 
that it enabled a high c;oncentratiou to be handled and redacted the 
danger of choking the sluice, it should be considered from the points 
of view' of (a) that, as all sluiceway booster nozzles upstream of the 
boiler being ashed were turned off, the average powder consumption 
was most likely to be only two-thirds of the maximum ; and (b) that 
the high rate of handling enabled the plant to be oq^erated inter- 
mittently for, say, one-quarter to oiie-sixth of the time required by 
the continuous low-q3ressurc system. Therefore, the power units 
per ton of ash handled by a high-pressure system would appear to 
be one-third to one-half of those recpured by an equivalent low"- 
q)ressure system. Some* of the features requiring attention for the 
satisfactory operation of w'ater-sluicing systems are : 

(1) The employment of regular and exq>erioiioed operatives. Althoiigli 
these systems are comqmrativeJy simjde and easy to manage, a knowledge 
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of the v arying nonditions — whicli can only be gained by experieaice — is 
indispensable if repairs and maintenance charges and plant outages are to be 
kept at a minimum. Wear and tear are inevitable in the best of plants, but 
the watchful attendant can materially assist by bringing anticipated failures 
or shortcomings to the notice of his engineer. 

(2) Maintenance of correct ash level in the receiving sump. Hero agam 
attention to detail by operatives will avoid interrui^tions due to shortage t)f 
water to the pumps. The ash level should be as low as possible to ensure the 
maximum volume of water in the sump. 

(3) The sump should bo as large as possible, with due regard to the c-ost 
of construction, for there should always bo an adetpiate supply of water in 
the troughs. 

(4) Due to the varying nature of the ash likely to be met in practice, it is 
well-nigh im])ossiblo to provide a trough system which will be entirely trouble- 
free, parti(!ularly with resjx^ct to choking. Choking can, liowever, bo reduced 
to a minimum by providing straight runs of slui(;ing troughs with reasonable 
fall, together with an adequate supply of w^ater at a reasonably high velocity. 
In fact, the velocity of the water in the sluices should be as high as practicable, 
for it is found that velocity is of greater importance than quantity. Where 
bends are miavoidable, it may bo necessary to augment tlje velocity by includ- 
ing water jets. 

(5) Tho trough linings should be maintained in good order to facilitate 
the flow of water-borne ash. Clonerally, it is observed that the ash flows 
much more freely when tho linings have worn smooth. 

Pneumatic Suction System. This consists of <a suction pipe from 
the boiler ash outlets to a crusher, then to a bunker outside the 
boiler house and continued on to the exhauster vid a filter. Tlie air 
velocity accelerates, floats and maintains in suspension the largest 
partiede of material taken into the suction system. The ashes 
accumulate until they are passed through a crusher to ensure being 
carried off to the storage bunker. Valves and connections are pro- 
vided on the hoppers and suction pipe (Fig. 106 ). 

The crusher is mounted on narrow-gauge rails above the 
suction pipe and evacuation is effected by placing it between the 
corresponding hopper valv^ and the connection below. The pipe 
connections, vvhen not in use, are closed by cover-plates so that the 
hopper undergoing evacuation obtains full benefit of the suction. 

The inlet of the suction pipe w^hich is open to atmosphere, has a 
slide valve and vacuum guage fitted. 

Sharp bends should be avoided to reduce wear, and rising ash 
pipes should have a gradual slope rather than a vertical rise. A 
powerful slow-s[)eed exhauster and an expensive motor or the use of 
reduction geats and drive are necessary. The dust-laden air is 
pulled through a w^et-air filter by the exhauster to protect its vanes. 
The disadvantages of this method are : largo f^rnount of wear on 
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pipework, labour and maintenance charges are high, and it. is 
rather dirty and noisy. 

Belt Conveyors. The conveyor used for coal handling is suitable 
for ashes after they have been quenched. One form embodies a 
tank containing water in which is immersed a paddle wheel set at an 
angle to the horizontal. On revolving the paddle wheel, ashes 
delivered to the tank are lifted to the top edge of the tank and 
discharged to the belt conveyor. The ash outlets on the boiler 
hoppers are sealed in this water tank and individual drives are 
fitted. This method provides for continuous and automatic removal 



of ashes and reduces labour charges. Another type (Fig. 107) 
consists of a belt which is formed into a trough shape by means of 
guide wheels on the carrying side and travels in a cast-iron trough 
containing water. The ashes drop from the hoppers through 
extension chutes and are quenched before coming into contact with 
the surface of the carrying belt. As the carrying side of the belt is 
submerged the belt becomes w'ater-borne, thereby reducing the power 
required. The discharge is continuous and driving with a belt speed 
of about 1 ft. per minute it will deliver up to 3 tons of ash per hour. 
This figure can be increased by raising the belt speed. It is claimed 
that the life of a bolt working under normal conditions exceeds five 
years. 

A rise of only 20° or so is practicable unless an attendant is 
kept at approach to rise to assist the ash up incline. It is desirable 
to wash underside of belt to prevent surface damage when passing 
over end rollers. Side rollers are necessary to prevent the belt 
wandering. 
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Belt conveyors and their ancillary equipment are discussed 
under coal-handling plant. 

Ash Troughs. The troughs are placed beneath the ash hopper 
outlets and run the entire length of the boiler house basement. 
They may be formed above or below basement l^vel and are con- 
nected to a central sump or whirl pit outside the boiler house. The 
troughs may take the ash, riddlings and flue dust although the 
latter are sometimes kept separate until the main trough is 






Fig. 107. Submerged Ash Conveyor. (John Thompson Ltd.) 


reached. Owmg to the very abrasive nature of ash, the troughs 
are provided with renewable liners of semi-circular section made from 
special cast iron designed to resist erosion and abrasion. These 
liners are grouted into the concrete troughs, and when renewal is 
necessary it is not difficult to chip away and re-lay with new liners. 

Alternatively, when the liners begin to show signs of wearing 
through on the bottom, renewable liners of larger section may be 
placed over the old liners. The new liners are grouted up and are 
easily removed should the need arise. It has been suggested that the 
inclusion of a J in. rubber insertion between renewable liners will 
give at all times a non-turbulent flow. The liners are in lengths of 
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about 3 ft. and have lifting holes to facilitate handling. In some 
cases the liners are sprung into position against the sides of the 
rectangular (H)n(^rpte trough. 



Tests carried out on various materials for trough liners for chain 
grate stokers give varying results and appear to depend on local 
conditions. Table 15 gives details of some materials. 
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'Fable 15. Wear of Limrs of Vnriou/i Materiai/t 


Matorial 

Manganese bronze 

Wear per 1,000 
Hours In Ubo 

In. 

0-017 

liemarks 

Common brass . 

0-041 0-045 


Stoneware. 

0043-0-056 

' 

Gunmetal .... 

0-045 


Chilled cast iron 

0-047-0-077 


NiclA'Chrome cast iron A . 

0-049 

2J per cent. Ni, 

J »> »» Cr. 

Nickel -chrome cast iron B . 

0-054 

26 per cent. Ni. 

1 „ „ Cr. 

Nickel -chrome cast iron C . 

0-060 

per cent. Ni, 

14 .. Cr. 

Cast iron . . . ; 

0-062 j 


Aluminium . ! 

0-097 

Ran 6,450 hours, followed by 
complete failure due to rapid 
wear. 

Glass 

0-104 

Cracked after 2,000 hours. 

Rubber 

2-209 ' 



I 


The average range of the ash-sluicing water in this case was as 
follows : — 

pK value, 7 -0-7 -5 ; SO4 380-500 ; 01, 220-270 ; dissolved 
solids, 920-1,130 (all parts per million). 

Ash sump water eor^tains the following constituents which 
affect the corrosion of cast iron : (1) dissolved oxygen, which 

was the most important factor ; (2) dissolved salts, particularly 
chlorides and sulphates ; (3) dissolved COg, which might confer 
slight acidity on the water and thereby stimulate corrosion. The 
first could be considered as the controlling factor, for without 
oxygen the electro-chemical action — ^which is tbe basis of almost 
all corrosion troubles — could not take place. Hard brick lined 
sluiceways have also been adopted and appear to have given fairly 
satisfactory service. 
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Where retort stokers have been used it has been found necessary 
to tile these troughs or as an alternative use granite sets. Ordinary 
and toughened glass have also been used, the former proving better. 

The troughs inside the boiler house may be covered with chequer 
plate and should be reasonably air-tight. Pre-cast concrete slabs 



designed in accordance with traffic requirements, may be used 
outside. All troughs should have a suitable fall towards the sump. 
With the high-pressure system it is possible to run the sluice-w'ay 
horizontally, which saves headroom or reduces excavation. 

The provision of water jets at trough junctions and bends causes 
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a marked improvement in the handling capacity of the troughs. 
Where the supply pipe line passes nearby, it is usually convenient 
to provide one or more jets controlled by an isolating valve. These 
jets are simply tapered pieces of pipe~if a G-in. main is in use, 
then the jet piece would taper from 6 in. down to about 2 in. 
diameter — and are connected to the branch pipe leading from the 
main line. Flat jets, curved to suit the trough radius, are also 
useful at junctions. 

Air-sealing Doors. Care should bi taken to prevent the ingress 
of air to the individual boiler ash lioppers by way of the sluice 
troughs. Air-scaling doors built into tlie troughs are provided 
between boilers which prevents am leaking from one boiler to 
the other at any time. When the sluice is operating the door is 
fully automatic and effects an air seal at any degree of opening. 
In one arrangement this door comprises a balance plate which floats 
just below the level of the water. 

Such scaling plates do not appear to be necessary with retort -type 
stokers. Holding -up of ash appears to be a disadvantage of those 
doors. 

Ash Sumps, Whirl Pits and Settling Pits. The sumps and })its 
are of reinforced concrete construction and hold the recpjisite 
quantity of ash. In fixing the size of ash sump the following 
data are useful : 1 ton of dry ashes = 50 cu. ft. ; Minimum water 
level to give sufficient area through screen ~ 3 ft. ; Allowance for 
rise in water level = f of ash depth. This assumes that the ash 
will absorb J by volume of the water displaced. 

Example : assuming 8 hours storage and rate of delivery to 
sump G tons per hour ^ 

Total ash capacity 48 tons 

Ash volume = 48 X 50 

2,400 cu. ft. 

If diameter of sump 15 ft. 

then depth of ashes — 13-5 ft. 

Allowanc^e for water flow through scremi — 3 ft. 

,, ,, rise in water (|) = 9 ft. 

Depth of Ash = 13*5 ft. 

25*5 

Total dej)th of sump below trough invent * 2G ft. approx. 

The shape is usually circular, rectangular, or arranged t/O suit 
site conditions. Figs. 108 and 109 show typical layouts. The 
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usual practice is to construert the sump, suction ])it- and pump 
chamber as a. complete unit. The design of ash sum))s for grabbing 
requires caie. The direction oi’ entry of the sluices should be sucli 
that even distribution of the ash is obtained. The entry should not 
be directed against the s(;reens or the amounts of fines ” recircu- 
lated will be great, as would also be the screen wear. Some installa- 
tions have two independent suction pits and pump chambers. 
Duplex (one in use) screens running in (iast-iron frames are incor- 
porated in the partition wall between the sump and suction chamber. 
Various forms of screens 
built up of wedge sec- 
tions or I -in. diameter 
mild steel rods at 1-in. 
centres are in use (Fig. 

110). Baffle plates are 
sometimes fitted be- 
tween the screens and 
the pump suctions. An 
overhead runway is 
provided to facilitate 
removal and cleaning 
of the screens. When 
a whirl pit is used the 
suctions of the slurry 
or ash pumps are taken 
into the pit and a divid- 
ing or whirling wall is 
included. The water is drawn off from the settling j)its and returned 
to the slurry whirl pit for re-circulatiuii. A cert^ain amount of water 
would also be discharged to the drainage system. To compensate 
for any loss a make-up water system would be provided. 

Receiving Bunkers. Two features deserving consideration in 
bunker design and construction arc abrasion and (‘.orrosion. I he 
resistance to the abrasive action ot the ash sliding over the bunker 
faces is essential in all bunkers, whilst deterioration by corrosion is 
equally important. Corrosion may be both internal and external, 
particularly whore the bunkers are situated in a fume -laden atmos- 
phere or exposed to the weather. Receiving bunkers should be com- 
pletely emptied at regular intervals, hosed dowm on the inside and 
then given a coat of bituinastic paint. The ash receiving bunkers 
may be of mild steel plate construction lined with concrete, or of rein- 
forced construction throughout. Cast iron bunkers have also been 
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used for asli storage. In several cases extensive repairs have been 
necessary due to the concrete perishing and breaking away. Large 
sections of reinforcement become exposed and continuous making 
up is inevitable, which is rather costly. In one power station the 
bunkers, which are of reinforced concrete, were subject to rapid 
deterioration of the inside walls after a comparatively short period 
of service. Tests were made to determine the factors which were 
most likely to influence such deterioration where ash and water 
from a low-pressure ash-sluicing system were in contact with the 
(H)ncrete. Table 16 gives an analysis of the water usually 
re-circulating in the ash-sluicing system, from which it will be noted 
that the water may be alternatively alkaline or acid. 

Table 16 . Analysis of Ash-Troiigh Water 


y)ll Value 

1 


I*art8 per IM ill ion 


Sulphate .SO* j 

Chloride ('1 ' 

OlsHolved Solids 



320 i 

1 

— ! 



8-0 

380 

64 i 

soo 

Of) 

560 

11 1 

1,350 

4-5 

780 

27 

l.KM) 

6*0 

760 

: 28 

J ,600 

8-() 

! 438 

36 

700 

7-5 

rm \ 

18 

600 

6-5 

621 1 

— 

950 

30 

1 ,000 

! ” 

J ,900 

30 

1,539 

1 

2,400 

30 

1,670 

i 

2,400 

8-0 

370 

! — i 

600 

30 

— 

— 

2,500 

30 

— 

— 

1 1,750 

1 


Samples taken daily during January. 


Table 1 7 gives an analysis of water taken from the drainings at 
the ash-bunker outlets, and also of water from the troughs. Generally 
the water drainings are alkaline, whilst samples drawn simul- 
taneously from the ash-sluicing system are acid. It is reasonable to 
assume, therefore, that by reaction between water from the sluicing 
system — ^which is carried over with the telpher grab — and the 
materials of which the bunkers are constructed, the water becomes 
alkaline. 
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Table 17 . Analysis of Ash- Bunker Drainings and 
Ash-Tr<mgh Water 


Ash-bunker Drainings 

Ash-trough Water 

pR Value 

Sulphate SO« 

Chloride Cl. 

pH Value 

Sulphate SOa 

8*5 

2,680 

142 



9'5 

1,846 i 

1 


— 

9-5 

9-4 

30 

1,180 


6-5 

1,505 

5,200 



30 

2,120 

5-0 

1,590 i 

1 — 

30 

1,660 

50 

1 

— 

30 

— 

90 

3,070 1 

— 

8-0 

1,900 

9-0 

J ,310 ! 

i 

i 

30 

i 

1,740 

1 


Samples taken daily during April. 

Tests were carried out on filtered water samples. 
Sulphates and chlorides expressed in parts per million. 


A sample of water taken from the ash -receiving sump, showed 
the following : — 


Analysis of Filtered Water 

Parts 

l>er 100,000 

Holids at 220 ° F. . 

656-20 

Acidity calculated (H 28 O 4 ) . 

5-17 

Silica (SiOj). ..... 

0-80 

Alumina (AljOg) ..... 

1-60 

Iron oxide (FejOj) .... 

15-00 

Calcium oxide (CaOj) .... 

52-30 

Magnesium oxide (MgOj) 

21-20 

Sodium oxide (NaOg) .... 

161-40 

Chloride (Cl) ..... 

13-10 

Sulphate (SO3) ..... 

336-00 


An independent authority gave the following proximate 
analysis : — 

Parts 

|>or million 

Suspended solids ...... 1,554 

Total dissolved solids ..... 6,868 

Acidity (HjSO*) 58-8 

Siiglit film of iron salts, slight globules of tarry matter, distinctly acid, 
partly free and due to hydrolysis of aluminium salts. Water corrosive owing 
to acidity and high salt-concentration (7,000 parts per million). The acid 
nature could be lessened by odding lime. 

This approximate analysis compares favourably with the 
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previous sample results. The acidity was most probably due to the 
hydrolysis of ferric sulphate, and this would account for the separa- 
tion of ferric hydrate from solution. The alumina-content is low. 
The dissolved content of this water is high at all times of operation, 
since hot solid matter is being dropped into a water system in 
continuous circulation. The actual solid-content varies with the 
solubility of the salts which constitute the coal ash and with the 
temperature of the water. The average temperature of the sump 
(February) water is 70"" F. and of the drainings (March) 44^’ P. 

The suggested addition of lime to the water system might lead to 
difficulties in the subsequent operation of the plant, because : — 

(1) Tiie (luantity of lime athled will vary witli the degree of liydrolysis 
of ferric sul])liate. Any excess of lime to jiroduce a value higher than 7 
will preci])it-ate aluininium and ferric hydrates. A larger excess will precipitate 
magnesium salts. 

(2) Ferric hydrate, a highly flocculent precipitate, will adhere to the 
screens and pumps, and may also produce local pitting owing to differential 
aeration. I’ho running of solids in the screening plant may be retarded by 
the presence of ferric hydrate. 

(3) The varying height- of water which is almost unavoidable- will 
make the (*nntrol of lime addition didicult-. 

In order to investigate the cause of the change of the Avaf-er 
(from acid to alkaline) drawn from the concrete bunker drainings, 
3-in. test sample cubes of Earle’s cement Avere made up and allowed 
to stand in : — 

(a) 1 litre of solution pH ~ 3. Sulphuric acid in water. 

(h) 1 ,, ,, ,, pIL — 10. Potassium hydrate in water. 

for a period of four days. It was found necessary to add more 
acid daily to (a), as the solution became alkaline. The cubes were 
examined and the solution was tested for its calcium content. The 
acid solution removed from the test-cube more than twenty times 
as much lime as the alkaline solution, and the surface of the te^st-cubc 
was broken up after the immersion period. Tests were also made to 
determine the comparative resistan(‘-e of ordinary (jonc-rete and tiles. 
A sample tile, made by the Accrington Tile Co., was used, and the 
samples under test were broken up and graded. The material 
which passed through a J-iii. sieve and was retained on a 
sicA^e, was usefl, 50 grains of each being taken. The results showed 
that the tile material is more resistant- to attack by a(*id solution 
than is ordinary conciete, and that in the alkaline solution it is 
slightly better. They also show that ordinary concrete is readilj' 
attacked by solutions of ash -sluicing water having a value of 3, 
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and that the deterioration of the bunkers may be attributed to 
attack of t his nature. It was also observed that alkaline solutions 
attack concrete, but to a much lesser degree. Subsequent to these 
tests it was decided to line hoppers with Accrington tiles bedded in 
a sjjecial acid-resisting cement. After some five years’ service it 
would appear that such tiles can be regarded as satisfactory for 
ash-bunkers. The tiles have resisted attack by acid ash water, with 
little or no deterioration of the tiles or bonding. The upper course 
of tiles in one hopper shows signs of deterioration at the edges, due 



to the abrasive action produced by heavy clinkers falling from the 
u})per receiving hoppers. No repairs or renewals have been carried 
out since the bunkers were tiled. Prior to lining with tiles, severe 
corrosion of the concrete lining occurred by the water draining from 
the ashes. Corrosion from this cause has been almost eliminated ; 
further, it is observed that the tiles provide free running of the ashes 
when the bunkers are discharging, whereas formerly the fine ash 
tended to adhere and hold up on the rough concrete surfaces. 
Pig. Ill shows the layout of this particular ash disposal plant. 

The tiles used in the lining are split paving tiles, 10 in. x in. 
X 3 in., each tile being split down the centre to make two tiles, 




234 


ELECTRIC POWER STATIONS 


10 in. X in. X in. The concrete sides of the bunkers having 
been severely wasted due to attacks by acid, the concrete so affected 
was thoroughly cut away, and the remaining concrete was treated 
with Cement “ Prodor ” Solution. The whole of the bunkers were 
then lined with “ Prodorphalte B,’’ on which the tiles were bedded 
and grouted in White Cement “ Prodor.” The ash analysis taken 
over a considerable period was as follows : — 


Per cent. 

kSilica ....... 37 

Aliimma ....... 23 

Iron ....... 21 

Sulphuric anhydride ..... 3 

Fluxes, etc. . . . .16 


100 

The density of ash varied and hard clinkers taken from an 
ungraded hopper gave an average figure of 169 lb. per cubic foot 
(wet). Dry weight of sample clinker selected 7*0 lb. and specific 
gravity 2-7. The weights of dry and wet ash vary considerably ; 
and so far as can be ascertained, wet ash figures of 65-75 lb. per 
cubic foot are usual. 

A compromise has been made in which mild steel plates 
adequately stiffened and supported are used, the inside of the 
bunker being lined with hard-wearing concrete. An internal lining 
of 3 in. of granite concrete has been found satisfactory. The lower 
portions of the bunkers may have cast-iron sections which are 
renewable without disturbing the concrete lining. The outlets 
have cast-iron rack and pinion-operated doors of the self-draining 
type for draining off water in the bunker and returning same to the 
sump or drainage system. 

The size and shape will depend upon the capacity and nature 
of ash to be stored. The most common is a single bunker into 
which the ash is discharged by means of a conveyor, elevator 
or grab. With small steel-plate bunkers served by elevators it is 
usual to have them totally enclosed. Although the single bunker 
is often used, much will depend upon the methods of ash disposal 
at the power station. Two-compartment bunkers have been adopted 
to suit local conditions. In one case a two-compartment bunker was 
used to store stoker ash in one compartment and fine riddlings and 
flue dust in the other. Where the handling plant necessitates the 
use of a feeder on the bunker outlet, it is usual to provide a double - 
compartment bunker. One compartment is in the form of a separate 
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bunker, and is only used for emergency service or when carrying 
out repairs to the main bunker. The small emergency compartment 
should be of such capacity to enable uninterrupted working of the ash 
plant to be maintained. It enables ash to be discharged by gravity 
into railway wagons or road vehicles below and not on to the feeder. 
The main compartment normally discharges on to the feeder, but 
alternative arrangements permit of filling wagons and vehicles direct. 

Telpher with Grab. The telpher track is arranged so that the 
grab can ser\^e the sump and possibly disposal bunkers. There are 
two types of telpher plants : — 

(1) The Top Rail System in which a single running rail is fixed to the top 
flange of a steel joist which is fastened on one side of its web to suj)portH. 
The bogies with two wheels in tandem are flexibly connect/ed to the body of 
the machine by stiff hook-shaped links. 

(2) The Bottom Flange System in which the track consists of a steel 
joist (or channels back to back) connected by its top flange to overhead 
supports. The four-wheeled bogies (or side-guided two-wheeled) run on the 
two inclined upper faces of the bottom flange. 

The second system is generally cheapen* and there is a saving 
in headroom. 

With a straight track fixed bogies may be used, but on a curved 
track swivel bogies are employed. 

The upper track is provided witli renewable steel wearing strips 
machined to suit the angle of the flanges and screwed or bolted 
on. The strips should be reasonably thick and the fixing screw^s 
or bolts should not be too widely pitched or uneven running may 
be experienced due to the strips ‘‘ rolling out and buckling. 
The telpher has motions for hoisting and travelling, each driven bj’^ 
separate electric motors and operated from a cabin momited on the 
telpher. A set of swivelling spring-loaded trolley collectors collect 
the current from the bare conductors. 

A rest house gives cover to the telpher(s) wlien not in service. 
The layout of this house should permit complete inspection and over- 
haul of the machine(s). Opening doors in the floor will enable the 
grabs to be lowered to ground level and lifting gear for handling 
I)arts of the macliine(s) is necessary. This system requires one 
ojjorator per machine, power costs are relatively high but the main- 
tenance charges are reasonable. 

An access platform should be provided throughout the track 
length to enable driver to reach the rest house in the event of telpher 
failure. 

Grab Transporters. An automatic transporter may be used for 
grabbing the ash from a sump. 
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At one Htation the grab discharges into an overhead hopper 
capable of holding 40 tons of wet ash. Prom this it is possible to 
load skips on an aerial ropeway or railway wagons. By making the 
grab entirely automatic the services of an operator are not required . 

The normal cycle of the grab is as follows : — 

The grab lowers into the sump and picks up its load of ashes, 
hoists to a short distance above water level, pauses for a few minutes 
to allow water to drain away from it, hoists to top, traverses to a 
point over the bunker and discharges. When fully open the grab 
will traverse out over the sump and again lower to take up a new 
load. This cycle of operation continues automatically until the stop 
button is pressed. 

Pumps and Associated Equipment. "J'he types of pumj)s to be 
used will depend on whether the high- or low-pressure sluicing 
systems are employed. With the former a high pressure re-circu- 
lating pump is required to give supply to the jet nozzles. A main 
ash or slurry pump, is used for pumping the ash from the sump 
to the dumping point which may be a settling i)it-, overhead bunker, 
barge or waste land. These pumps are subject to heavy wear and 
tear resulting in high maintenance and repair charges. Manganese 
steel impellers have been used wdth reasonable success, but it is 
difficult to machine and is expensive. A heat-treated alloy steel 
has also been used and proved fairly successful, and can be macdjined 
in the soft state before hardening. Heat-treated alloy cast iron 
is now used and has given good service, both for impellers and 
casings. With ash pumping the system is entirely enclosed and a 
telpher or grab operator is not required. It also affords greater 
flexibility in regard to positioning of ash bunkers which can quite 
often be some considerable distance from the Ixuler house. 

For the low-pressure sluicing system re -circulating luimps 
arc required. The pumps may be of the vertical spindle or 
horizontal ty})es. The former are higher in first cost but occupy 
less building and floor space and do not require priming, whereas 
the horizontal type require a larger building and floor space and 
have to be placed in a pit to eliminate the necessity for priming. 
Both ty|)es are to be found in practice, although the vertical spindle 
appears to be generally favoured. Tn some cases the pumps and 
motors are mounted in the open without any protection from the 
weather. Experieiu'c indicates that hoi izontal pumps with steam 
or water air ejector priming are ])referable particularly from a 
maintenance point of view . The pumps should be of robust con- 
struction to ■withstand the arduous working conditions. Mainten- 
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anr<* charf^es aro usually of (considerable magnitude under the best 
(conditions, but- unless careful thought is given to the selecction of 
correct materials and facilities for access, these charges can become 
very excessive. 

The renewal of pump impellers is a maintenance problem of 
importance and consideration should be given to the choice of 
material. For low-pressure re-circulating pumps, cast-steel impellers 
and nickel chrome have been used. Both cast steel and chilled cast 
iron impellers were employed in one station and had about the same 
life but the latter was (mly one quarter the cost of the former. Brass 
impellers have also been used and have given much better service 
than other materials. The casing may be of cast iron and of heavy 
construction or gun nud-al alloy. Figs. 1 12 to 116 give various ash 
pump particulars. 



Fig. 112. Section of Open Typo 10 in. Pump. (Qwynnes Ltd.) 

Running clearance on underside of impeller — 0 005 in. 

Nut inside coujding screwed hard down holding thrust bearing and 
coupling firmly. 

Adjustment by shims betw'eon top cover and arch brof^ket. 
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Fig. 112 key to roferencoR. 


Kef. 

UeBcriptlon. 

Quantity. 

Material. 

1 

Pump casing ♦ . . . 

1 

Gun metal 

2 

Studs and nuts 

24 

Mild steel 

3 

Suction cover * . , . 

1 

Gun metal 

4 

Sideplato for do.* 

1 

Gun metal 

5 

D.K. sideplate * . . . 

1 

Gun metal 

6 

Bolts and nuts for do. . 

12 

Stainless steel 

7 

Impeller * . . . . 

1 

Gun metal 

8 

Impeller nut .... 

1 

Stainless steel 

J) 

Pin for do. .... 

1 

Stainless steel 

10 

Top cover .... 

1 

Cast iron 

11 

Bush for do. 

1 

Gun metal 

12 

Gland ..... 

1 

Cast iron 

13 

Studs and huts for do. . 

3 

Mild steel 

U 

Gland packing 

1 sot 

Hytlraulic 

15 

Arch bracket .... 

1 

Cast iron 

16 

Studs and nuts foi* do. . 

4 

Mild steel 

17 

Dowel pins .... 

2 

Mild steel 

18 

Arch bracket bush 

1 

Gun metal 

19 

Double thrust bearing 

1 

Steel 

20 

Thrust housing in halves 

1 

Cast iron 

21 

Bolts and nuts for do. . 

4 

Mild steel 

22 

Fitted bolts and nuts 

2 

Mild steel 

23 

Pump half coupling 

1 

Cast iron 

24 

Arch bracket shims 

2 

Sheet iron 

26 

Spindlo ..... 

1 

High tensile steel 

26 

Spindle sleeve 

1 

Case hardened steel 

27 

Impollor key 

1 

Key stool 

28 

Coupling key .... 

1 

Key steel 

29 

Coupling nut .... 

1 

Mild steel 

30 

Washer for do. 

1 

Mild steel 

31 

Split pin for do. , 

1 

Mild steel 

32 

Grease washer 

1 

Felt. 


* Items thus in gun motal alloy. 85 per cent, copper, 5 per cent, tin, 5 per cent, 
lead, 5 per cent. zinc. 


The pumps are provided with branches to which a clean water 
flushing system is connected, one connection being at the stufiSng 
box and the other at the eye of the impeller. This prevents the 
access of grit at the eye wearing point and keeps the spindle and 
impeller free from grit. The fine clearances between the impeller 
shrouds and the stationary casing are therefore sealed with clean 
water. In this way there is always a small leak of clean water 
inwards instead of having a leak outwards of gritty water past these 
fine clearances. It may be necessary to install a small pump to 
obtain the required head and quantity of cleaning water, and as the 
quantity may be considerable, this should be considered when 
comparing schemes. 

The main pumps should be on the same longitudinal centre 
line and the suction and delivery valve -control pillars should also be 
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Fia, 113. Ulitea of Wear for Impellers of Different Materials. 



Fio. 114. Gun Metal Alloy Impeller, Nickel Iron Throat Liner and Mild 
Steel Shaft after 2,090 Hours Service. 

Note : The wear on the impeller is due almost entirely to the 
failure of the thrust bearing which allowed the impeller to come into 
contact with the casing. On the top of the periphery the tool marks 
are still visible. 

Analysis of impeller metal : 

Copper .... 85 per cent. 

Tin .... 5 „ 

Lead . . . . 5 ,, ,, 

Zinc . . . . 5 „ „ 
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kept in line, preferably near the wall. Universal couplings will make 
this practicable. 

If the motors are controlled from individual starters these may 



Fkj. 116. Casing of Ash Sluicing Pump showing Abrasion in Waterway 
after some 4,600 Hours Service. 


be placed in line near* the corresponding valve-control pillars. 
The floor of the (;}iamber may be of solid chequer plating or open 
grill flooring, tlie latter having the advantages of permitting a 
certain amount of light and ventilation to the pump pit below. 
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A runway joist and pulley block are useful for handling 
purposes. It would appear that some of the desirable conditions to 
secure trouble-free operation are : — 

(1) Pumps should be constructed of gunmetal alloy in every part, with 
the exception of the shaft. 

(2) Pumps should have a suction lift. 

(3) An efficient clean water seal should ho intiintained on the pump gland 
and impeller clearance. 

(4) Impellers should be of the o})en type to eliminate the out-of-balance 
with the shrouded type by holding ash between the vanes. 

(5) Motors and pumps should bo accessible with plenty of space 
for inspection and for such repairs as may be required. 

In practice, it has been shown that wherever the water is 
turbulent, or ohanges direction {i.e., in valves, bends, etc.), wear 
occurs, and it may be necessary to consider gun metal alloy wearing 
strips on bends and gun metal alloy valves in order to ensure a 
reduction in maintenance charges. The shrouded impeller, if 
properly sealed, will maintain its efficiency practically unimpaired 
throughout its life, whereas an unshrouded one could not be ade- 
quately sealed on the suedion side so that clearance wear would be 
rapid, as also would be the falling off in efficiency. 

The piping is of cast iron with flanges and rubber joints. The 
pipes for re-circulating water soon make-up with fine ash which 
sots very hard and cannot bo removed so that replacement of pipes 
should be allowed for. Valves of the external-screw type are used. 
The internal screw is subjected to attacjk by fluid passing through 
the valve, and the ash content in the water justifies the external- 
screw type. 

Piping laid underground should have at least 30 in. of cover or 
be laid in a concrete trench with heavy concrete cover slabs. Spigot 
and socket joints are used for underground piping. 

Corrosion trouble duo to acid was experienced when a pH 
value of 4 was recorded. The action on cast iron was worse than on 
steel. 

Disposal of Ash. In some inland stations it has been found 
justifiable to install grading plants as it is sometimes possible to 
obtain good prices for graded ash. 

The grading plant necessitates extra storage bunkers and space 
so that the price and demand should be carefully considered before 
proceeding with such equipment. Fig, 111 illustrates one grading 
plant. 

Electrical Equipment. Pump motors may be of the drip-proof 
or totally enclosed air-cooled types. Other motors are of the latter 
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type. The control gear should be located as near as possible to the 
equipment with which it is associated, and should be accessible 
for maintenance and repairs. 

General Data 

Low-pressure Sluicing System 
Ash Troughs 

Slope. 1 in 60 straight, 1 in 40 curves. 

Liners. Cast iron (or chrome alloy C.I.), 9 in. radius 
1 in. tliick (average), 3 ft. long. 

Trough. 2 ft. 6 in. at top. 

Riddlings Troughs 

Slope. Same as ash troughs. 

Liners. Cast iron, 6 in. radius, f in. thick (average), 3 ft. long. 

Trough. 1 ft. 6 in. at top. 

Ash Sump 

Type .... Reinforced concrete. 

Capacity . . . 8,000 cubic ft. for ashes. 

Depth . . . 29 ft. from ground level. 

Screens . . . . f in. wedge bar, mild steel. 

Receiving Bunker 

Type .... Two compartment, mild steel plate with 

3 in. concrete lining. 

Total capacity . . 8,000 cubic ft. of ashes. 

Pumps 

Number . . . Four (two stand-by). 

Typo .... Vertical. 

Capacity of each pump . 150,000 gallons per hour. 

Total head . . .42 ft. 

Rating of motor . . . 55 B.H.P. 

Speed , . . . * 730 r.p.m. 

Cleaning water reqiiirod . 20 to 25 gallons per minute. 

Telpher Machines 

Number . . Two. 

Type .... Two motor, three rope grab. 

Capacity of each .35 tons per hour of dry ash. 

Time cycle . .1*7 minutes. 

Capacity of grab . 55 to 68 cubic ft. 

Speeds . . . 130 ft. per minute — hoisting. 

200 ft. per minute — lowering. 

350 ft. per minute — travelling. 
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Belt Conveyor 

Speed 
Capeicity 
Fe^er . 
Materials 
Width . 


150 ft. per minute. 

35 tons per hour. 

Belt type — 50 ft. per minute. 
Rubber and canvas. 

24 in. conveyor. 

30 in. feeder. 


The average velocity of water in a trough is about 10 to 15 ft. 
I)er second. Abrasion is minimised with high velocity water 
which causes the ash to ride on the water instead of rolling or 
sliding along the bottom. Some 1,500 to 2,000 gallons of water per 
minute are required for a 9-in. radius trough handling from 10 to 
15 tons of ash per hour on a slope of 1 to 65 or 70. For a 12-in. 
radius trough some 3,500 g.p.m. are required for handling pulverised 
fuel ash at about 40 to 60 tons per hour on a slope of 1 to 70. Allow- 
ance in water quantity should be made for bends and obstnictions 
in the trough route. 


High-pressure Sluicing System 


High-pressure Re-circulating Pumps 

Number . . . One. 


Type . 

Rating of motor 
S[)eed 


Vertical. 

280 B.H.P. 
1,465 r.p.m. 


Ash Pump 

Number 

Typo 

Rating of motor 
Speed 


One. 

Vortical. 

166/85 B.H.P. 

1,465/965 r.f),in. (double wound). 


The water pressure is usually about 100 lb. per square inch, 
the issuing velocity from the nozzles being approximately 130 ft. per 
second. 

Estimation of Plant Capacity. Considering the example given 
under coal-handling plant where 86 tons of coal were required per 
hour and assuming limit of ash content in coal to be 15 per cent. 

With 90 per cent, real ash this would form 15 x ^ = 16-7 per 

cent, refuse to coal used. 

Refuse from 86 tons of coal per hour = 86 x 0-167 

= 14-3 tons. 

As a chock one boiler unit of 200,000 lb. per hour rating gives 
about 1*6 tons of ash per hour. 

1-5 X 8 = 12-0 tons per hour. 
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Total refuse (asli) for 8-hour shift 14-3x8 

— 1 15 tons (cli’y ash) 

Wet ash weighs 75 lb. per cubic foot. (30 cu. ft. per ton). 

Dry ash weighs 38 lb. per cubic foot. 

A large quantity of water is lifted with the ash, but if the grab 
is held momentarily over the s\imp the bulk of the surplus water will 
drain off. 

Hence weight of wet ash —115x2 

= 230— say 250 tons. 

Capacity of sump to hold this quantity 

250 X 2,240 


75 


7,500 cubic feet. 


At the rate of 14-3 tons per hour it would take 
230 

--TT, =16 hours to fill. 

14-3 


If it is desirable that the work of em2)tying the sump be carried 
out in a shift of 8 hours, the capacity of t he gra])bing gear would be 
designed accordingly : — 

Weight of wet ash to be reclaimed — 230 tons 

Therefore capacity of grabbing gear to reclaim in 8 hours 

= — = 28-8 tons per 
^ hour (wet ash). 

To allow for stoppages, etc., it would be justifiable to w^ork to 
7 hours, in which case tlie capacity would be 34 tons per hour of 
wet ash (68 tons of dry ash). Two grabs each having a caj)acity of 
34 tons per hour of dry ash warn Id serve. 

Operation and Maintenance Costs. Table 18 shoM's the costs of 
typical ash plants in this country and serves to indicate the general 
features of each system. Comi)arative costs are somewhat difficult 
to analyse duo to the varying conditions of load factor, the tyi)e of 
plant and the site (conditions generally. 

Some idea of the costs chargeable to individual sections of plant 
for low ju'cssure systems Avill bo obtained from the following : — 


SUition 1 

Repairs and Maintenance. 

Pumps and motors . 

Screening plant (fixed type) 
Telpher ..... 
Troughs .... 

Storage Bunkers (concrete) 


Cost per 
tou of ash 
haudled. 
Pence. 


120 


20 


3-0 

2-2 

0-8 


20-0 



Table 18. Ash-Handling Plant Costs 
(Year 1941) 
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The total cost may be reduced by about 4ti. to Is, per ton from sale of ash. 
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Operation. 


Handling and Disposal 

. 180 

Total cost per ton 

. 380 

Units (kWh) consumed per ton of ash handled 

. 20-0 

Station 2 


Repairs a?ui Maintenance. 


Pumps and motors ...... 

2-6 

Screens and Telpher . . 

7-0 

Troughs and Sump .... 

20 


11-5 

Operation. 


Handling ....... 

. 12-0 

Disposal .... ... 

. 400 


63-6 

Units (kWh) consumed per ton of ash handled 

. 100 



CHAPTER Vil 


BOILER PLANT 

The function of a boiler or steam generator is to convert water 
iifto steam at the required rate of evaporation and at the desired 
temperature and pressure to suit the turbine which it serves. It 
should do this safely, efficiently and economically, bearing in mind 
capital charges, depreciation, operation costs, etc. 

The whole of the boiler plant should be designed, arranged and 
proportioned to operate under load conditions specified for long 
uninterrupted periods at a high efficiency with low operation and 
maintenance charges. 

The number and capacities of boilers to be installed will depend 
upon the output of the turbo-alternators, wliilst the number will 
also be governed to some extent by the degree of standby plant 
to be allowed and the maintenance required. Other factors to be 
considered are station load factor, site, transport facilities and quality 
of feedwater and fuel. 

The trend in base load stations is to have one boiler per turbine 
for normal working with a reasonable allowance of boiler plant to 
cover maintenance, survey outages and emergency conditions. 
As an example, two 50 MW turbo-alternators each having a steam 
consumption of 480,000 lb. per hour, could be served by six units 
each having an economical rating of 160,000 lb. per hour, which 
would allow one boiler to be out of commission for overhaul. If a 
200 to 400 MW station is contemplated it is possible to use indi- 
vidual boUers of approximately 300,000 to 500,000 lb. per hour 
maximum continuous rating. 

With interconnection of electrical systems and station pipe- 
work it is possible to reduce the amount of spare plant and this 
should always be considered. Schemes met with in practice are : 

(1) To provide one boiler per turbine. This bos the advantage that it is 
cheapest, since the capital cost per unit of output decreases os the capacity 
increases. It assumes a high availability factor for the boiler, almost equal 
to that of the turbine, Spare plant will still be required to permit of inspec- 
tions required by government and insurance regulations. 

The lengths of steam and feed pipes are reduced and unit interconnections 
ore avoided. 

(2) To provide two boilers per turbine ; the capacity of each boiler being 
such that with both boilers in commission they can steam the turbine up to its 
maximum continuous rating. The boilers would at this stage only be operating 
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at their iiorinal ecoiioinical rati tig. 'I’iie boilers may strain the turbine up 
to 60 or 70 per rent, of its maxiinuin continuous rating. The boilers are 
normally steamed together at an easy rating which improves i hoir availability 
and at the same time a reasonable output can still bo obtained from the 
turbine in the event of trouble on either boiler units. 

(3) To have three boilers ]3er turbine ; the capacity of each boiler being 
such that two can steam the turbine up to its maximum continuous rating. 
This provides great flexibility of operation and ensures continuity of supply, 
but the capital cost is high. 

Boiler plant is of two main classes, namely : — 

(1) Stoker-fired boilers ; (2) Pulverised fuel boilers ; and, as 

will be noted later, each of these may be further subdivided. The 
boilers in both classes are of the water tube type, varying in design 
and construction to meet the system of coal combustion adopted. 

The boiler units should have tlie highest possible efficiency, and 
probably the most important factors making this possible are : — 

(1) Attention to design and construction of the boilers, their associated 
auxiliaries and apparatus, so that long working periods and high reliability 
are ensured. 

(2) The adoption of very high capacity units. 

(3) A consistent supply of the grade of coal for which they are designed. 

(4) The layout and means provided to facilitate operation of all sections 
of the plant. 

Layout of Boiler Plant. The layout and arrangement of boiler 
plant should meet the following requirements : — 

(1) Occupy a minimum of space to keep the cost of buildings and land 
within economical limits. The design and arrangement of the boiler house 
and its details should be symmetrical, whilst awkward pipes and difficult 
passages should be avoided. 

(2) All auxiliary plant should be kept as far as possible at one level 
80 that control can be centralised. 

(3) The principal components such as superheaters, economisers, air- 
heaters and draught plant should be arranged to give easy acHjess for inspection 
and maintenance. 

(4) Each boiler should be physically independent in so far that a faulty 
unit should in no way endanger its neighbours. Major repairs should be 
possible without affecting units in service. 

(6) Althougli it is not possible to obtain the same degree of appearance 
as is usual in the turbine house, by careful arrangement of auxiliary plant, 
pipework, platforms, controls, instrument and motor control panels, a 
reasonably good-looking boiler house is possible. 

(6) Adequate natural lighting throughout, artificial lighting being pro- 
vided where necessary. 

The layout of boiler plant in relation to the turbine house 
depends on site conditions. Two methods commonly used — in one 



BOILER PLANT 


249 


case the boilers are arranged in rows at right angles to the turbine 
house and in the other they are in a single row running parallel to it. 
The choice of one or the other will also depend upon the size and 
layout of turbines. The sizes of boilers adopted would appear 
to have (apart from other factors) resulted from the desire to have 
a boiler house running parallel to the turbine house. The layout 
of boilers and turbines affects the cost of pipework and buildings, 
whilst the former has a bearing on the coal and ash handling plants to 
be installed. 

With either layout the boiler units can be arranged for operation 
from a central aisle or by placing them back to back from two side 
aisles. 

The (central ojjcrating aisle has tlie advantage that the operator 
can (iontrol the maximum number of boiler units from a central 
position by placing the control panels and essential controls at a 
common point. The operator’s or stoker’s duties are usually 
confined to the operating aisle, and the division of labour is such that 
one operator is responsible for two boiler units. In a boiler house 
having, say, four to six large units, a leading operator or stoker 
would be on shift in a supervisory capacity. 

The central aisle layout at right angles to the turbine house 
permits of a maximum amount of natural light from the end gable, 
but artificial lighting fittings will be necessary. For stations over 
100 MW capacity this layout necessitates more than one boiler 
house, which means that the houses are comparatively short in 
length. Natural lighting is included in the two side walls, giving 
adequate light between and at the rear of the boilers. To obtain 
the maximum amount of daylight for operation the back-to-back 
layout is adopted. The operating sides face the windows and the 
aisle between the two rows of boilers may be utilised for steam 
and feed pipes and the structure for supporting the chimneys. 
There are no regulations regarding natural lighting, a general rule is 
that the area of glazing in any Vail should be 30 per cent, of the total 
wall area. Roof lights can be included to meet the requirements 
of the upper sections of the boiler units. In some boiler houses 
extensive use has been made of patent glazing, only those j)ortiona of 
the side walls at the rear of the boilers being covered with protected 
metal sheeting. The glass panels are reinforced with wire and are 
set in steel-core glazing bars of the lead-clothed type. All the steel 
parts are galvanised under the hot process before being entirely 
sheathed in jointless lead glazing covers. 

The central aisle of a boiler house arranged parallel witli the 
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turbine house is dark around the centre and artificial lighting 
is necessary at all times at the rear of the units adjoining the turbine 
house. With modem plant it is feasible to do without a partition 
wall between the boiler house and the turbine house and in some 
cases a glass panel construction has been used. 

Type of Boiler. The water-tube boiler is now universally 
employed for powder station service and consists of one or more 
groups of tubes suitably disposed about the furnace to absorb the 
available heat. This type of boiler originated from a desire for 
safety. 

High-head radiant boilers have a rate of water circulation that 
is more than ten times that of their steaming capacity, compared 
with six to eight times for forced-circulation boilers. Natural 
circulation is in general use. It consists essentially of a water-c^ooled 
furnace and a superheater. By the time that the gases have finished 
passing through the superheater, their temperature is so little above 
saturation temperature of the boiler drum that there is little point 
in providing a large amount of convection heating surface. Practi- 
cally all the heat transfer is carried out by direct radiation to the 
tubes of the furnace walls. The largest boilers (800-1,000 k.p.h.) 
under construction are of the Radiant type. In certain cases, the 
furnace dimensions would be so large in order to obtain the necessary 
tube surface that it has become desirable to resort to twin -furnace 
construction, with a centre wall of tubes to give the additional surface 
required and thus reduce the overall dimensions. 

The process of steam generation can be divided into two separate 
and independent processes : — 

(1) The liberation of the heat in the fuel. 

(2) The absor])tion of the heat by the boiler. 

This type of boiler has justified its adoption due to its high evapora- 
tion and heat transfer capacity which are made possible by the 
following : — 

(1) A large heating surface is available by the iiw of a multiplicity of small 
tubes. 

(2) Rapid but uniform circulation in the tubes. 

(3) The furnace, being apart from the steam -raising surfaces, can be 
designed solely from considerations of combustion. 

(4) Comparativelj' large ratify of heating 8urfa(‘e t-o water volume provirles 
flexibility in .steam demand. 

Boiler units of this type have proved reliable and efficient, and 
further, they permit of large output in reduced building space. 
Typical boilers are illustrated in Pigs. 117 to 121. 




Battbbsxa. Fowsb Station. 


.letorts 53 Tuyere Taylor Stokers (each equipped with double 26 in. Crusher 

Rolls). 


'sporation 

oontinuous evaporation . 
K>ration .... 
ssure .... 
ed steam temperature 
)r temperature 
ting surface 
er heating surface 
3r heating surface 
heating surface 
. 3r wall area in furnace 
rature to stoker windbox . 
ween side walls at stoker level 
. (P.G.A.) 


300.000 lb. per hour. 

375.000 lb. per hour. 

400.000 lb. per hour. 

615 lb. per square inch. 
OlO** F. 

355* F. 

25,080 sq. ft. 

8,910 sq. ft. 

24,192 sq. ft. 

128,400 sq. ft. 

2,528 sq. ft. 

408® F. 

34 ft. Hi in. 

787 sq. ft. 


(Taylor, Stoker and Babcock and Wilcox.) 
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Another feature of the water-tube boiler is its ability to withstand 
the high working pressures now used, e.g,, 600 to 2,000 lb. per square 
inch. This is rendered possible by the use of steam and water 
drums of small diameter. There are a number of special types of 
very high-pressure boilers in use for power stations, and these will l)e 
referred to separately. 

The high-head boiler developed as a result of the necessity for 
higher pressures and temperatures, higher steaming capacities and 
higher rates of heat release. The amount of fuel bmned necessi- 
tated that the furnace should be large ; the time factor to give com- 
plete combustion, particularly with pulverised fuel firing, required a 
tall furnace ; and the high steam temperatures required consider- 
able superheater surface located in a suitable temperature zone. 

Classification of Boilers. Boilers may be grouped into four 
classes ; — 

(1) Stoker Fired. 

(a) Clja'u grate (overfeed travelling). 

(b) jVlultipJe retort (underfeed pusher). 

(2) Pulverised Fuel Fired. 

(r,) Unit (direct system). 

{d) Central (bin and feeder system). 

(r) Combinstion of (c) ainl (d). 

(3) Oil Fired. 

(4) Peat Fired. 

Stoker Fired Versus Pulverised Fuel Fired. One of the chief 
factors in the economi(;al working of a power station plant is efficient 
combustion of the fuel. Whether this can be obtained more effi- 
ciently by stoker or pulverised fuel firing dei)ends largely on a 
number of features, some of which are : - 

( 1 ) Characteristics of the coal availHl)le. 

(2) Capacity of boiler unit. 

(3) Station load factor. 

(4) Load lluctuatioTis. 

(5) Reliability and elhcioncy of the various typos of ooinhustion etpiip- 
inent available. 

Both stoker and pulverised fuel equipments have been used on 
small and very large boiler units and have proved satisfactory. 
In some cases a combination of both has been adopted to obtain 
the benefits of cheaper coals and also meet the sudden demands 
for steam. In one base load station half stoker and half pulverised 
fuel plant was installed, the latter being chosen with a view of 
utilising the dust available from the dry coal cleaning plants in the 
district. This appears to be a sound choice and a possible alt»emative 
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would b(‘ ih(* use of retort stokers where a station is away from tlio 
t^oallields and a continuous supply of selected (toal is available. 

Probably the easiest way to compare stoker and pulverised fuel 
firmg is to summarise the advantages and disadvantages of each 
method. 

Stoker Fired 

Advantages. 

(1) The coal is biiriiod as delivered to site, thus obviating the need for coal 
j)re]jaration plant. Whore coal Ls siipi)lied as lump or “ run of mine ” free 
from duff and small coal, preparation plant would be retjuired. 

(2) Cenerally less building space is necessary. 

(3) Reduction in auxiliary plant. 

(4) Can be used for small or large boiler units. 

(5) Very reliable, and maintenance charges are reasonably low. 

(0) With the retort type some reserve is gainenJ by the largo amount of 
coal stored on the grate in case of coal-bandling j)lanf failure. The otticiienoy 
of this typo is high if suitable coals can be obtained. 

(7) Practically irrmiuno from explosi<uis. 

(8) Gives a general appearance and atmosphere usually associated with 
boiler houses which sooms to have a psychological effect on the operatives. 
This is not an important feature, but is wort h noting. 

Disadvantages. 

(1) With very large units the initial (!ost may bo rather liigbor than witli 
pulverised fuel. 

(2) In the majority of chain-grate boilers s[)ecial ignition arches are 
included which are liable to give trouble. 

(3) There is a multiplicity of moving parts always under mechanical 
stress and high temperature, (’ompheated form of construction. 

(4) The structural arrangements arc not so siin])le, and surrounding floc^rs 
have to be designed for heavy loadings. 

(5) Troubles due to slagging and clinkoring of eombustion cliarnber w'alls 
are experienced. 

(6) Always a certain amount of loss (»f coal in the form of riddlings through 
the grates. 

(7) Sadden variations in the steam demand cannot bo met to the same 
degree. 

(8) Ranking and standby losses are always present. 

Pulverised Fuel Fired 

Advantages. 

(1) It is possible to consume efficiently almost any grade of coal with 
small or large boilers. 

(2) This method is flexible and sudden variations in the steam demand 
(^an be met with ecpial swiftness. 

(3) A boiler unit can be started up from cold rapidly and efficiently. 
I'his is highly important in times of emergency. 
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(4) Standby losses are reduced to a minimum and banking losses are 
eliminated. 

(5) A higher efficiency is made possible due to complete combustion, 
and further, this can be maintained over long working periods. The chimney 
discharge is almost colourless if flue gas cleaning plant is installed. 

(6) Practically free from .slagging and clinker troubles. 

(7) The furnace has no moving parts subjected to high temperature. 

(8) The structural arrangements and flooring are simple. 

(0) Can be easily and efficiently operated, and labour charges are reduced 
on very large units. 

(10) Preheatetl air temyjeratures of 700'^F. are possible, thus promoting 
more rapid flame propagation. 

(11) (.hves immunity from bonded deposits on, and corrosion of, external 
heating surfaces. 

D i sad van Uiges . 

(1) Coal preparation jilant is necessary. 

(2) Considerable increase in auxiliary plant. 

(3) Maintenance on furnace brickwork is considerable, due to the very 
high working temj)oratures. Fin-tube walls ore now used. Maintenance 
charges on the preparation yilant is usually high, but depends chiefly on the 
quality of coal used and the resulting wear it produces. 

(4) In some cases, particularly smaller boiler units, the first cost may be 
higher than with stoker firing. 

(5) This ty];>e of plant is always prone to ex])losions, and provision must 
be made to deal with same. 

(6) Special starting-uj) equiyiment is necessary. 

(7) Larger building space w'ould normally be rocjuirod especially with the 
central system. 

(8) Owing to tho large <]uatjtitios of very fine grit and dust produced, 
larger and more elaborate ga.s cleaning plant is re([ijire(i. Sjie^ial dust catchers 
or i)rccipitators are essential. In residential ciistricts a serious nuisances may 
be caused by the emission of tlieso very flue particles of grit and dust. 

Comparison of Various Classes. Having dealt with tho respective 
merits and demerits of stoker and pulverised fuel fired plants, the 
various classes will be outlined. The chain grate and retort stokers 
will be first considered. 

(a) Chain Grate 

Advantages. 

(1) Very simple, reliable, accessible an<l maintenance charges are reason- 
ably low. 

(2) Lower first cost. 

(3) Usually much lighter in weight. 

(4) Generally a higher heat release per cubic foot of combustion chamber 
is possible. There are cases where tho reverse holds gootl. 

(6) It is practically self-cleaning. 
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(6) AJmost any class of coal can be efficiently burned, but the range for a 
given stoker is limited. 

(7) Not so heavy looking and gives a better appearance at operating floor 
level. 

(8) Ash crushers are not normally required. 

Disadvantages. 

(1) Small amount of coal is carried on grate. 

(2) Specially designed ignition arches are generally requiiod. 

(3) Slagging and clinker troubles are mot with. 

(4) With very fine coal the quantity of riddlings may bo considerable. 

(5) The preheatefl air temperature is limited to about 350” F. maximum. 
Usual working temperature is between 250” to 300” F. 

(6) Where the fire is thinned down at the rear of the grate there is the 
possibility of ingress of excess air. 

(b) Retort Stoker 

Advantages. 

(1) Higher efficiency is generally possible compared with chain-grate 
stoker. 

(2) Much higlier steaming rates are obtainable and is a good substitute 
for pulverised find. (Jare is however rfx juirod and easy ratings are preferable. 

(3) Ignition arches if retjuired are simpler and maintenance charges are 
reduced. 

(4) A largo amount of coal is carried on the grate, tlius ensuring high 
overload capacity and permitting the boiler to remain in service for a con- 
siderable period in the event of coal suj:)f)ly faihin'. 

(6) Very robust construction and can withstand long ])ejiods of uninter- 
rupted high capacity working without injury providifig coal selection, 
inaiiiteiiance and opeiation aie of the first order. 

(6) The cast-iron tuyeres, grate-bars, etc., arc in contact with green comI, 
only and are kept cool by air passing through thoin. 

(7) The grate is practically self-cleanintr but slagging and clinker troubles 
are still jiossible. 

(8) Higher preheated uir temperatures are possible. 

(9) Use can bo made of an ash crusher pit to get the maximum amount of 
heat from the coal. 

Disadvantages. 

(1) Higher first cost. 

(2) If load is suddenly drtjppetl for prolonged periods, boiler may continue 
to blow off due to the largo amount of coal on grate. 

(3) Failure to ignite with very low grades of coal. 

(4) Difficulties are sometimes experienced due to largo solidified masses 
(jf ash produced which give rise to troubles in the ash-liandling system and 
also result in destruction of the grate by bunung out. Ram pins shear due 
to jamming and the boiler has to be shut down and cooled off to clear away 
clinker. 

(5) Larger building space is usually necessary and the stoker is heavier. 
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The next to be considered will be the unit and c;entral systems 
of pulverised fuel firing. 

(c) Unit System 

Advantages. 

( 1 ) Ctieaper than central system. 

(2) Less equipment required and plant can be arranged to provide a 
roomier and lighter layout. 

(3) The layout is simple and permits of easy operation. 

(4) The power consumption per ton of coal is usually slightly less. 

(5) Fewer plant operators are required and operation costs are therefore 
reduced. 

(6) Lower maintenance charges. 

Disadvantages. 

(1) Duplication of coal preparation plant or at least some degree of 
reserve is necessary. 

(2) Exhauster fans handle air and pulverised coal, the latter causing 
excessive wear. 

(3) The coal preparation plant has to operate under fluctuating conditions 
in accordance with the variation of boiler load demand. The maximum 
load for this plant coiuci(k)s with the station maximum load, and extra 
generating j)lant is therefore necessary. 

(4) The degree of flexibility is less than the central system, although it is 
somewhat improved by using two t)r three units per boiler. 

(5) Adjustments to burners usually necessitates alterations to the working 
of coal preparation plant. Interdependency of pulverising and firing process 
is not conducive to maximum combustion efficiency. 

(6) I.«arge amount of wear takes place in coal preparation plant which 
reduces output and fineness. After long working periods this will result in a 
considerable r€)duction of boiler output and efficiency. 

(7) The fuel flow to the burners is not so uniform or dependable as in the 
central system. The flow depends primarily on the raw coal size and moisture 
content. 

(8) Blockage of feeders caused by tramp iron, wood, rag, etc., may 
temporarily stop the coal supply and put the boiler out of commission. 

(9) Coal drying by bled flue gas is possible, but burner efficiency is 
impaired due to reduction in oxygen per unit of volume of combustion air. 

(10) Owing to the limited fuel capacity there is a need for stricter main- 
tenance. 


(d) Central System 

Advantages. 

( 1 ) Boiler plant is more reliable since failure of coal preparation plant does 
not immediately affect operation. 

(2) Large degree of flexibility, os fuel and air quantities can be accurately 
controlled enabling the boiler outputs to be varied over a wide range. 
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(3) By providing ytorago bunkers the coal proparatioii plOiUt can bo shut 
down during i)oak lonfis thoreliy re(Juc*ing th<‘ works auxiliary load at those 
periods. 

(4) Th(5 coal preparation plant can bo worked continuously at its designed 
rating, and tliereforo maxiinura efficiency ; further, the correct fineness of 
fuel will be readily obtainable. The fuel is made on a mass jiroduction basis 
with consequent savings. 

(6) Exhauster fans only handle air, consequently very little wear takes 
place. 

(6) The burners can be operaled irrespective of the coal jU’oparation plant. 

(7) It lends itself to fuel drying in the coal preparation plant by means of 
bled flue gas, the latter being returned to the boiler at a suitable point. 

(8) The amount of spare plant can be reduced. 

Disadvantages. 

(1) Greater capital cost. 

(2) Larger building space required. Possibly a separate coal preparation 
plant building. 

(3) More plant operators are required, thus increasing Operation charges. 

(4) Maintenance charges are higher. 

(6) Susceptible to fire and explosion hazards. 

(6) The auxiliary power consumption is much higher. 

(7) Greater number of auxiliary units, i.c., cyclones, conveyors, storage 
bins, primary air fans, et c. 

It may be added that witli largo boiler units now contemplated 
it appears economically justifiable to adopt the bin-and-feeder 
system for each boiler, which is really a unit form of storage system. 

Oil Fired 

Oil firing can bo used for boilers of outputs generally associated 
with coal-firing, and the new Banksido Power Station is the 
largest in this country. Oil fuel effects economies in handling ; 
increases the plant availability and efficiency ; there is no disposal 
of refuse ; no banking or lighting-up losses ; ash-pit losses are 
eliminated ; repairs and maintenance of stokers and pulverisers 
associated with such plants are much greater than those for oil- 
burning plants. Flue-gas washing, if necessary, would still be 
desirable with oil-firing plant, but grit arresters and precipitators 
need not be used. 

Superheaters are prone to a hard and adhesive oil slag which is 
often difficult to remove, but other heating surfaces are almost 
trouhle-free. In changing a boiler from coal to oil-firing the super- 
heat will be lowered due to the increased heat absorption of the 
cleaner furnace heating surfaces. A typical fuel analysis is ; — 





BOILER PLANT 


257 


Per cent. 


Carbon ..... N40 

Hydrogen . . . 12‘() 

Sulphur ..... 2-0 

Oxygen ..... 1*0 

Nitrogen ..... 0*6 

Moisture . . . . .0*5 


100*0 

(tPoss calorific value . . . 18,300 Jl.Th.U. per lb. 

Specific gravity .... 0*98 

Flash point (closed test) . . 200° F. • 

Efficient combustion is obtained with about 12 per cent, excess 

air at boiler outlet corresponding to a CO 2 content of 14 per cent. 

% 

Typical Heat Balance Sheets 



Oil 

Coal 


Per cent. 

Per cent. 

Heat in dry gases at exit . 

3*8 

6*3 

Heat in moisture at exit 

6*9 

3*8 

Total heat in gases at exit . 

10*7 

10*1 

Heat entering with combustion air 

1-3 

1*6 

Chimney loss ..... 

9*4 

8*6 

Ashpit loss ..... 

— 

0*9 

Loss by radiation .... 

2*6 

2*6 

Heat transferred .... 

88-0 

88-0 


100*0 

100*0 


The approximate relative costs of oil and coal-firing plants are 
given in Table 19. 

The Bankside power station is being built in two halves, each 
consisting of two 60 MW sets with four 375 k.p.h. boilers. Three of 
the boilers operating at about 90 per cent, output are capable of 
steaming the two sets at full output. Each boiler is a single-drum 
natural-circulation water-tube boiler with water-cooled combustion 
chamber, primary and secondary horizontal drainable convection 
type superheaters, plain steel tube economiser and primary and 
secondary air heaters. The secondary air heater is of the plain steel 
tubular type and the primary heater, which handles the cooler fine 
gases, is a gilled cast-iron type. There is a boiler convection bank 
between the primary superheater and the economiser. The tubes 
forming the superheater and convection heating surfaces have wide 
pitching so that slag accumulations will fall clear when removed 
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Table 19 


Item 

OU Firing 

CoalFlrlu 

Base Load 
Station 

g (Stoker) 

Secondary 

Station 

Boilor capacity . 

1,000 Ib./hr. 

100-360 

350 

100 

Gross efficiency . 

per cent. 

88 

88 

81 

Banking and lighting up 

• 99 99 

— 

0-6 

3 

Nett efficiency . 

• 9 * »» 

88 

87-4 

78 

Calorific value . 

B.Th.U./lb. 

18,300 

11,500 

11,000 

Price per ton 

. 

82 

52 

46 

B. and M. handling cost per ton . s. 

1 

2-6 

4-5 

Overall fuel, cost per ton 

. . 

83 

64-5 

50-6 

Overall cost per 1,000 lb. steam . d. 

32 

33 

37 

Availability 

, per cent. 

85 

75 

75 

Capital charges per 1,000 lb. steam d. 

11 

12 

14 

Total cost per 1,000 lb. steam . d. 

43 

45 

51 

Saving per 1,000 lb. by 

conversion to 




oil ... 

d. 

— 

2 

8 

Annual saving per boiler 

£ 

— 

12,000 

16,000 


Also see Chapter XVI, Vol. 2. 


from the tubes. Provision is made for water-washing of the primary 
and secondary superheaters, boiler convection surface, economiser 
and primary air heater, which are arranged in separate compart- 
ments with a number of hoppers for the collection and removal of 
the effluent. A small-capacity extraction plant deals with the flue 
dust. Twelve oil burners of the pressure atomising type are arranged 
in two rows in the front wall of the combustion chamber. Each 
burner is fitted with gas pilot burners for ignition purposes. The 
burners are supplied with oil from pumping and heating units placed 
below the boilers. The oil pumps are driven by variable speed 
d.c. motors and deliver oil at a pressure of between 250-300 p.s.i. 
The oil temperature is raised to about 250° P. for burning and the 
boiler output is controlled by varying the number of burners in use 
and also by varying the oil pressure. Electrically-operated steam 
soot blowers are automatically operated in sequence from a panel at 
firing floor level. 

Two two-speed vane control forced draught and two two-speed 
induced draught fans are provided on each boiler. For test purposes 
an oil fuel weigh tank is provided to ensure accurate measurement 
of the oil consumed. 

The fuel used is a residual grade of heavy oil with properties 
similar to Bunker '' C grade oil. The oil has a gross calorific 
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value of about 18,250 B.Th.U. per lb., a speoifLc gravity of 0-98 at 
60° F. at a maximum viscosity at 100° F. of 6,500 seconds Redwood 
No. 1. The normal sulphur content is between 3 and 4 per cent. 
The oil is stored in three mild steel circular tanits each measuring 
some 92 ft. dia. x 24 ft. high with a capacity of 4,000 tons. Three 
further tanks may be required for the completed station of 240 MW. 
Three motor-driven circulating pumps, each of 44 tons per hour 
capacity at 40 p.s.i. are situated in the storage area and pump oil 
through a ring main to the boiler house and back to the tank. At 
normal tank levels a gravity feed to the boiler liouse is used. 
Because of the liigh viscosity the oil is maintained at a temperature 
of not less tlian 1 10° F. for ease of handling. Steam heating coils are 
included at the base of each storage tank and all pipe lines are 
traced with one or two 1-in. steam lines. The jetty off loading and 
boiler house circulating pumps, filters, etc., are steam jacjkoted. To 
supply the steam for oil heating, a separate auxiliary system working 
at 250 p.s.i. saturated is provided. Steam at this pressure is 
required for the oil heaters associated with the boilers, and for tank 
and oil pipe heating the steam is reduced to 50 p.s.i. The steam is 
supplied either by two high-pressure evaporators tlirough steam 
coils connected to the 900 p.s.i. steam range, each having an output 
capacity of 18,000 lb. per hour, or by two economic type horizontal 
oil-fired boilers, each with a capacity of 5,000 lb. per hr. All drains 
are conserved and returned to the evaporators or economic boilers 
via a de-oiling and filtering plant. The oil consumption for the com- 
pleted station will be 67 tons per lir. at full load or 850 tons per day 
for full two-shift working (16 hrs. per day). 


The principal details of the boilers are 

as follows : — 

N.E.K. 

M.C.R. 

Evaporation, Ib./hr. .... 

300,000 

375,000 

8team pressure, p.s.i. .... 

950 

950 

Steam temi)., .... 

925 

925 

Feed temp, at ect^noniiser inlet, "F. 

. 370 

370 

Feed temp at economiser outlet, ®F. 

475 

500 

Air temp, at heater inlet, 

100 

100 

Air temp, at heater outlet, °F. 

520 

540 

Final gas temp., ®F. .... 

331 

360 

CO 2 at furnace exits, per cent. 

13-7 

13*7 

CO 2 at induced draught fan, per cent. . 

120 

12-0 

Total draught loss, in W.G. 

6-72 

8-89 

Fumaco heat release, B.Th,U./ft.^ 

17,900 

22,500 

Gross thermal efficiency, per cent. 

86-5 

85-9 

Oil consumption, lb. /hr. (18,250 B,Th.U.) 
Furnace volume, ft.^ . • . . 

21,300 

21,750 

26,800 
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Furnace dimensions (between centres of tubes) : Width 22 ft. 


4 in., depth 18 ft., height 66 ft. 

Heating surface : — 

• sq. ft. 

Water walls. ...... 13,025 

Convection bank ...... 4,230 

Risers from convection bank .... 2,460 

Primary superheater ..... 7,643 

Superheater connecting tubes . . 1,625 

Secondary superheater ..... 6,260 

Economiser ...... 11,540 

Primary air heater ..... 22,048 

Secondary air heater ..... 50,000 


It is estimated that some 40,000 tons of oil will be consumed 
annually. This will contain about 1,600 tons of sulphur, which 
during the process of combustion would form some 3,200 tons of 
oxides of which about 5 per cent, would be discharged into the 
atmosj)here. The flue gas washing plant is described in a later 
section. Based on 1949 prices, the comparative costs of production 
with a station load factor of 40 per cent, are approximately as 
follows : — 

Oil burning . . . 0-69d. per unit generated. 

Coal burning . . . 0*76d. ,, ,, ,, 

Peat Fired 

One such station is in operation at Portarlington (Ireland) and 
comprises 2-12*5 MW, 10 kV., 3,000 r.p.m. sets and 3-150 k.p.h., 
425 p.s.i., 825° F. boilers, one reinforced concrete cooling tower 
with make-up water taken from a river. The station is situated 
some four jniles from the peat bog, which has an area of some 
4,000 acres. The bog is equipped with turf-winning machinery 
capable of producing 120,000 tons of fuel per annum, which is 
estimated to produce 90,000,000 kWh. per annum. 

Behind the boiler-house and spanned by a bridge crane is the 
fuel store, capable of holding 40,000 tons of turf (12,500 sq. ft.). 
The turf, which is machine-won and air-dried, is delivered direct 
from the bog to the station in steel trucks, each holding 5 tons. 
On arrival the turf is weighed and samples are taken for analysis 
and determination of moisture content. It i^ then fed direct to the 
boiler-house bunkers or alternatively to the fuel store. The bridge 
crane (8 tons) lifts each truck off its bogie and transfers it to the 
storage area, tilts the truck to allow a hinged door at the end to 
open and so discharge the turf. When the fuel is delivered direct to 
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the boiler-house bunkers the turf trucks are unloaded in a similar 
manner by two jib cranes mounted on a runway fixed to the boiler- 
house roof. Some sixty loads of turf are required to fuel each bunker, 
which has a capacity of 300 tons. Each of the steel bunkers con- 
verges at the bottom to a vertical drying shaft, which guides the 
turf down to the boiler. As the turf descends by way of the shaft, 
hot air is blown through it to reduce the moisture content. The 
turf then passes on to a chain grate stoker. The ash falls from the 
grate at the rear of the boiler into hoppers and in the form of clinkers 
it is then crushed and removed mechanically to a disposal plant, 
which cools the ashes and discharges them into wagons for disposal. 

The turf consumption is about 3 lb. per kWh. generated, which 
at 395. 6d. per ton gives a fuel cost of 0*635ci. per kWh. The moisture 
content of the air-dried turf is about 30 per cent, and calorific value 
6,200 B.Th.U. per lb. The estimated total capital cost of the 
completed station is £1,280,000 or £51*2 per kW. installed. Interest, 
depreciation, maintenance and repairs, etc., are approximately 
0*393d. per kWh., making the total cost of production about l*028d. 
per kWh. Two further peat-burning stations each having an installed 
plant capacuty of 40 MW are under consideration. 

BOILER 

The boiler proper consists of a combustion chamber together 
with all tubes, headers and allied steam and water drums. The 
arrangement of these items will depend largely on the make of 
boiler. 

The ancillary plant such as superheaters, air heaters, econo- 
misers, stokers and draught plant, etc., although they make up a 
complete boiler imit, will be dealt with individually. 

A typical specification clause would read as follows : — 

“ The boiler shall be of the water-tube type, capable of evapo- 
rating 200,000 lb. of water per hour under normal working conditions 
and 250,000 lb. of water at maximum continuous rating at a pressure 
of 625 lb. per square inch gauge and at a temperature of 850"^ F. 
when supplied with feed water at a temperature of 315° F. to 320° F. 
and coal having a gross calorific value of 11,500 B.Th.U.’s per lb. as 
fired containing 10 per cent, moisture and 10 per cent, ash with air 
entering the air preheater at a temperature of 90° F.” 

The design of any boiler plant depends primarily on the 
following : — 

(1) The steam pressure and temperature. 

(2) Evaporative capacity. 
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(3) ClaHHes of fuel. 

(4) Method of firing — stoker, pulveristxl fuel, oil, or peat. 

(5) Thermal efficiency desired. 

Because of difference in specific volume, more tube area is 
required for low-pressure steam than for high, if proper circulation 
is to he maintained. Difference in area required may be of the 
order of 3 or 4 to 1 between 200 and 1,500 p.s.i. This explains 
why high-pressure boilers cannot always be operated satisfactorily 
at low pressure and why a boiler bought for future operation at 
higher pressure costs more than one built for the high-pressure 
originally. The lowering of pressure very suddenly by the failure 
of some part of a boiler may result in much of the water being 
flashed into steam, causing a serious explosion. One j)ound of 
steam at atmospheric, pressure occupies about 1,600 times the space 
occupied by 1 lb. of water, and the explosive energy released by a 
rapid pressure drop is very great. 

Combustion Chamber. The combustion chamber or furnace is 
the chamber in which combustion is effected. Its design, propor- 
tions and details are of utmost importance to the success of the 
boiler unit. The heat resulting from combustion reaches the tubes 
by radiation and convection, the former being a process of heat 
transmission through space, and the latter a process of heat trans- 
ference by means of currents of gases which impart their heat by 
contact with the tubes. The water in the tubes is heated by conduc- 
tion through the tubes. These processes are assisted by any increase 
in the combustion chamber temperature, but the greatest benefit is 
obtained from the heat transmitted by radiation. The rate at which 
heat is radiated is given by Stefan’s Law as being proportional to 
the fourth power of the absolute temperature. For example, the 
heat radiated may bo increased four-fold by an increase of from 
2,000*^ F. to 3,000° F. in temperature. 

The amount of heat imparted to the heating surfaces by convec- 
tion currents may be considered to be approximately j^roportional 
to the temperature difference between tlie hot gases and metal 
surfaces, though the cleanliness of the surfaces is of utmost import- 
ance. Bird-nesting of tubes impairs heat transfer and draught and 
when this occurs the grates, ash plates, bearer bars and dumping 
bars become very hot. 

Whilst high gas velocities assist in preventing deposition of soot 
they are not conducive to radiant heat absorption and the velocities 
chosen should meet all requirements. The volume of the com- 
bustion chamber should be such that the maximum rate of heat 
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liberation is limited to a figure that will ensure trouble-free operation 
and low maintenance costs and reduce outages. In practice the 
figures vary over wide limits, as will be observed from Table 20, 
which include the heat in the preheated air. From a survey of some 
high avaiJability boilers it is noted that the maximum heat release 
was of the order of 17,500 B.Th.U’s per cu. ft. per hour. 

Table 20. Heat Release Data 


150,000 1b. 187,6001b. 110,000 lb 130,0001b. 

per Hour. per Hour. per Hour. per Hour 


Maximum Heat liberated per cubic ft. of CombuHtion Chamber Volume In B.Th.U. per Hour. 


Chain Grate Stoker 

llctort Stoker 

Pulverised Fuel 

N.E.U. 

M.C.Tl. 

H.E.K. 

M.C.R. 

N.E.H. 

M.C.R. 

A . 36,600 

46,000 

22.500 

28,300 

17,000 

20,000 

B. 32.000 

40,000 

28,300 

35,600 

16,500 

18,760 

( J . 19,300 

24,300 

19,900 

27,800 

16,000 

18.000 


For good radiant heat absorption and reduction of fly ash it is 
contended that tlie liorizontal sectional area should be large and the 
speed of the gases low. 

The length of the gas travel should be sufficient to ensure com- 
plete combustion before arrival at the banks of comparatively 
cool boiler tubes. One of the most important developments in the 
quest for larger output was the replacement of the refractory brick 
setting by a water-cooled furnace, to enable a greater quantity of 
fuel to be burned per cu. ft. of furnace volume. t<ombustion 
chamber walls are lined with vertical tubes through which the water 
circulates, the tubes being expanded into steel headers at the bottom 
and headers or steam drums at the top. The spacing and arrange- 
ment of tubes should provide the correct proportions in relation to 
combustion chamber volume, wall surface area, protection of 
refractories, prevention of smoke, etc. 

The roof of the combustion chamber is formed by refra(jtory 
blocks supported on and cooled by tubes expanded into drums and 
headers. The tendency in both stoker and pulverised fuel fired 
boilers is to encage the whole of the combustion chamber by water 
tubes. The purpose of these tubes is to provide additional heating 
surface for the boiler and to afford protection of refractories by 
cooling. The entire elimination of refractories tends towards 
obtaining high availability. Some combustion chambers are, 
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with tlie exception of the front walls and ash chambers, without 
refractory material. This has been achieved by using finned tubes. 
These tubes are standard boiler tubes in. o/dia. set in headers on a 



Fia. 122. Diagrammatic Arrangement of Circulation for “ Lopulco Boiler. 

{International Combuntion Ltd,) 

pitch of in. and coupled into the main boiler circulating system. 
Each tube has mild steel fins J in. thick and 1 in. wide welded on each 
side and when the tubes are placed in position the fins almost butt to 
form a complete steel wall. To reduce radiation losses these tubes are 
backed by 2 in. ol’ heat-insulating material in the casing. The front 
wall accommodates the burners and so makes difficult the use of the 
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fin tube. To prevent high temperatures damaging the brickwork, 
plain tubes are used as a partial screen and set to avoid the burners. 

Figs. 122 and 122 a illustrate typical circulation systems for two 
well-faiown types of boilers. 

Ash which exists in molten form in the liottest part of the 
furnace should solidify before coming in contact with the walls and 
it is therefore necessary that the walls should be brought well below 
fusion point. If tliis precaution is not taken “ fluxing ” or “ slagging " 
may take place, the former causing rapid erosion of the walls and 
the latter “ spalling ” 
of the refractory due 
to the difference 
between the rates of 
contraction of the slag 
and the refractory. The 
various types now in 
use illustrate the func- 
tions of water-cooled 
walls. In some types 
the tubes are protected 
by blocks of either 
metallic or silicious 
material, some are 
partly buried in 
refractory lining, some 
are finned so that 
they gain the full 
radiant heat, whilst 
others are fully 

exposed in front of a 122a. Diagraminatic Arrangement of Simon- 

solld wall. Ihe Carves Patent Circulating System. 

‘‘ Bailey ” water wall 

has been extensively used for tube protection, there being two 
general forms of blocks. The first is formed by casting the 
iron body of the block on to a refractory tile, it is then machined so 
that it can be tightly clamped to the tube and so give maximum heat 
transfer. This is for use in the upper or high temperature portion of 
the combustion chamber. The second is for use where the temperature 
is not excessive, such as the lower part of the combustion chamber, 
and is made of solid cast-iron. Some of these walls have been in ser- 
vice for many years and although a number of the blocks have worn 
very thin a number of them in the lower temperature zones could be 
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used again. Typical sections are illustrated in Fig. 123. Cases are on 
record where explosions have taken place in combustion chambers due 
to the deterioration imder working conditions of the refractory 
brickwork. In such instances tins has resulted in the exposure of 
several of the embedded cooling tubes to the direct heat of the 
furnace. Under those severe working conditions (not designed for 
such workuig) the circulation within the tubes was inadequate and 
ovcrheatuig occurred resulting in a tube being unable to withstand 
iioriual working pressure. The water wall tubes are intended to 
a])soi b the ratliant heat whi(;h would otherwise heat up the furnace 



/hjp us£: /V Poj^t/o/s/s f ) 



/~o^ (/s£ /A/^ ^/?r/OA/s (Mg/f 72:AfP) 

Fig. 123. Typical Water Wall niocjka. 

walls. The feedwater in this case was first made to circulate 
througli the water wall tubes before gaining access to the main 
generating tubes. Without a covering of refractory material 
steam was apparently generated in these tubes and there being 
insufficient circulation of water or steam resulted in overheating 
and consequent failure. 

Air cooling of walls has been used on sections of the chamber 
around the burners of pulverised fuel units. A number of small 
tubes are taken ttirough the walls from the air ducts and are effective 
in protecting the refractories in the vicinity of the burners. 

Cyclone Furnace. The coal is crushed, the aim being to reduce 
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the whole of the ash to a fluid state, so that it may be tapped and 
subsequently quenched to a solid state for disposal. The primary 
furnace takes the form of a water-cooled cylinder set in front of the 
main combustion chamber. The crushed coal is introduced at the 
centre of the “ outboard ” end of the cyclone with a tangential 
swirling movement. The entire inner surface of the cyclone in 
operation is covered with a film of molten slag which traps most of 
the particles which would otherwise escape as fly -ash. It is claimed 
that it obviates the cleaning of external boiler surfaces, protects 
induced draught fans from erosion, and reduces fly-ash and carbon 
losses. Raw coal is crushed to pass a 4-mesh screen (about 0-2 in.), 
the rate of flow being automatically controlled. Crushing is aided 
by preheated i)rimary air and the small proportion of finer particles 
enable ignition to be obtained and maintained. Operation has 
been almost trouble-free, for only intermittent lancing of the 
cyclone, together with soot blowing of the closely pitched super- 
heater tubes, have been required. External combustion offers the 
chance to avoid the use of soot-blowing and deslagging equipment. 
A cyclone furnace for a 640,000 lb. per hour boiler operates at about 
3,200° F. and 83 per cent, of the ash from 2 in. crushed coal is 
liquefied and then qiienclied for disposal in a solid state. After 
allowing for 7 per cent, shrinkage in the iron compounds, only 
10 per cent, of the ash (below 10 microns) traverses the furnace 
and convective passes, compared with 75 to 85 per cent, for 
pulverised fuel in a dry-bottom furnace and 55 to 65 per cent, in a 
slag-top furnace. 

Slag-Tap Furnace. Pulverised fuel, although almost essential 
for very large boiler plants and possessing much great flexibility to 
meet automatic control requirements, has an important drawback in 
the amount of fly-ash which is produced by fuels burning in suspen- 
sion and which requires costly collection and precipitation plant. A 
development which considerably reduces fly-ash is the slag-tap 
furnace, in which the combustion chamber is divided into two 
sections. The primary furnace, where combustion takes place from 
down-shot burners, is purposely designed to operate at a temperature 
well above that of ash fusion ; so that the furnaefe bottom is covered 
with a film of molten slag, which is continually tapped away to be 
water-quenched. This film entraps a large proportion of the 
particles which would otherwise be carried off as fly-ash. There is 
only one station (Stourport) in this country using this type of 
furnace but there are a number in America. The coal characteristics 
are a determining factor in its adoption. 
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Steam and Water Drums. To provide free-water circulation a 
steam space of adequate volume should be included to prevent 
water being delivered with the steam. A noticeable feature 
is the inclusion of a dry-steam drum or steam receiver drum which 
removes any possibility of trouble from the creation of foam due to 
the mixtures of steam and water in the lower drums. Impurities in 
the water become more and more concentrated as evaporation 
proceeds and eventually the water may become so dense that the 
steam bubbles cannot rise freely through it, resulting in masses of 
water being lifted with the steam towards the outlet. Further, it is 
desirable to have a steam-freeing surface large enough to enable the 
steam to separate from the water without undue disturbance. To 
guide circulation the drums are fitted with troughs and baffles and 
provision is made to ensure that only clean dry steam passes on to 
the superheater. The details vary accf)rding to the design and 
construction of the boiler. The water should be introduced where it 
does not discharge directly against any riveted joint or surface 
exposed to high temperature gas or direct radiation from fire. 
The internal fittings include feed distribution pipes, troughs, internal 
deflector plates to guide circulation, and screen plates for steam 
outlets and inlets together with anti-priming and steam purifying 
separators in the outlets of the main steam drums. The steam and 
water drums are supported on rollers or slung from girders which 
form part of the boiler structure. Allowance must be made for 
expansion and contraction to minimise the stresses put on the 
boiler structure. 

With the use of high pressures, dimn design, construction and 
selection of materials are of prime importance. 

With designed pressures up to 350 p.s.i., riveted steel plate 
and fusion welded construction is quite satisfactory, but with 
pressures of 600 p.s.i. and over solid forged steel construction is 
employed. In practice it is found that the maker’s routine varies 
as regards heat treatment and each drum is forged from a single 
ingot of Siemens -Martin open hearth acid mild steel, the ingot being 
thoroughly annealed after casting to remove all internal stresses. 
Each ingot is trepanned with a hole of adequate diameter to enable 
thorough examination to be made. The drums, after forging into 
cylindrical form, are normalised and stress relieved and are further 
stress relieved on completion of the closing in of the ends. The 
forging is heated in a properly constructed annealing furnace which 
raises the temperature of the forging uniformly throughout its 
entirety to the required intensity necessary for normalising and 



BOILER PLANT 


269 


stress relieving. Cooling is carried out to eliiuiiiate as far as is 
practicable the retention of any residual stress in the completed 
forgings. The forgings are machined internally to the required 
dimensions and the ends of the drums are closed in by forming 
under a forging process. The exterior of the final cylinder portion is 
machined and the drums should be truly circular and entirely free 
from camber. A manhole is provided at both ends of each drum to 
give access for inspection and maintenance. These are fitted with 
pressed steel iiinged covers secured by steel dogs and bolts and have 
a 16 X 12 in. clear opening. There are various methods of connect- 
ing the branches or nozzles to the drums, two of which are (1) by 
studs and (2) by making the connections a driving fit in the drum 
shell, hammering over and then welding For pressures up to 
400 p.s.i. the branches may be riveted on. Such methods are dis- 
cussed under “ steam receivers ” in Chapter VIII. 

Typical figures of the pliysical properties and chemical analysis 
of the steel used for boiler drums working at 600 to 700 p.s.i. are 
given. 


Ultimate tensile strength 
Yield point . 

Elongation . 

Reduction of area . 
Rending angle 


32 to 36 tons per scpiare inch 
16 to 18 ,, „ „ 

21 to 25 per cent, on 2 in. 

40 per cent. 

180 *^ 


For small steam receiver drums an ultimate tensile strength of 
28 to 32 tons per square inch is satisfactory. All at atmospheric 
temperature. 

Carbon . . . . . 0*33 to 0-37 per cent. 

Silicon . . . . . 0*30 „ (maximum) 

Manganese .... 0*60 to 0*80 ,, ,, 

Phosphorus .... 0'05 ,, „ (maximum) 

Sulphur . . . . . 0-05 ,, ,, (maximum) 


All elevated temperature test is included and a typical clause 
would be as follows : — 

“ The elastic limit at a temperature of 550° to 560° F. shall not 
be less than 10*2 tons p.s.i., and for this purpose the elastic limit is to 
be defined as the stress which wwld give a 'permanent set not 
exceeding 0*05 per cent, of the original length measured on a stan- 
dard test piece of 2 in. gauge length. The drums to have a safety 
factor of 1 '9 based on the elastic limit as defined above under working 
conditions, the stresses in question being those arising out of steam 
pressures together with the loading due to the suspended and sup- 
ported weight.” 
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Steam and Water Drums. To provide free -water circulation a 
steam space of adequate volume should be included to prevent 
water being delivered with the steam. A noticeable feature 
is the inclusion of a dry -steam drum or steam receiver drum which 
removes any possibility of trouble from the creation of foam due to 
the mixtures of steam and water in the lower drums. Impurities in 
the water become more and more concentrated as evaporation 
proceeds and eventually the water may become so dense that the 
steam bubbles cannot rise freely through it, resulting in masses of 
water being lifted with the steam towards the outlet. Further, it is 
desirable to have a steam-freeing surface large enough to enable the 
steam to separate from the water without undue disturbance. To 
guide circulation the drums are fitted with troughs and baffles and 
provision is made to ensure that only clean dry steam passes on to 
the superheater. The details vary according to the design and 
construction of the boiler. The water should be introduced where it 
does not discharge directly against any riveted joint or surface 
exposed to high temperature gas or direct radiation from fire. 
The internal fittings include feed distribution pipes, troughs, internal 
deflector plates to guide circulation, and screen plates for steam 
outlets and inlets together with anti-priming and steam purifying 
separators in the outlets of the main steam drums. The steam and 
water drums are supported on rollers or slung from girders which 
form part of the boiler structure. Allowance must be made for 
expansion and contraction to minimise the stresses put on the 
boiler structure. 

With the use of high pressures, drum design, construction and 
selection of materials are of prime importance. 

With designed pressures up to 350 p.s.i., riveted steel plate 
and fusion welded construction is quite satisfactory, but with 
pressures of 600 p.s.i. and over solid forged steel construction is 
employed. In practice it is found that the maker’s routine varies 
as regards heat treatment and each drum is forged from a single 
ingot of Siemens -Martin open hearth acid mild steel, the ingot being 
thoroughly annealed after casting to remove all internal stresses. 
Each ingot is trepanned with a hole of adequate diameter to enable 
thorough examination to be made. The drums, after forging into 
cylindrical form, are normalised and stress relieved and are further 
stress relieved on completion of the closing in of the ends. The 
forging is heated in a properly constructed annealing furnace which 
raises the temperature of the forging uniformly throughout its 
entirety to the required intensity necessary for normalising and 
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stress relieving. Cooling is carried out to eliminate as tar as is 
practicable the retention of any residual stress in tlie completed 
forgings. The forgings are machined internally to the required 
dimensions and the ends of the dnmis are closed in by forming 
under a forging process. The exterior of the final cylinder portion is 
machined and the drums should be truly circular and entirely free 
from camber. A manhole is provided at both ends of each drum to 
give access for inspection and maintenance. These are fitted with 
pressed steel hinged covers secured by steel dogs and bolts and have 
a 16 X 12 in. clear opening. There are various methods of connect- 
ing the branches or nozzles to the drums, two of which are (1) by 
studs and (2) by making the connections a driving lit in the drum 
shell, hammering over and then welding For pressures up to 
400 p.s.i. the branches may be riveted on. Such methods are dis- 
cussed under “ steam receivers ” in Chapter VIII. 

Typical figures of the physical properties and chemical analysis 
of the steel used for boiler drums working at 600 to 700 p.s.i. are 
given. 

Ultimate tensile strength . . 32 to 30 tons i)er sfiuare incli 

Yield point . . . . . 10 to 18 ,, m 

Elongation . . . . . 21 to 25 per cent, on 2 in. 

Reduction of area . . . .40 per cent. 

Bending angle .... 180° 

For small steam receiver drums an ultimate tensile strength of 
28 to 32 tons per square inch is satisfactory. All at atmospheric 
temperature. 

Carbon ..... 0*33 to 0*37 per cent. 

Silicon 0-30 „ „ (maximum) 

Manganese . . . 0*60 to 0*80 ,, „ 

Phosphorus .... 0*05 „ (maximum) 

Sulphur 0*05 „ (maximum) 

An elevated temperature test is included and a typical clause 
would be as follows : — 

“ The elastic limit at a temperature of 550° to 560° F. shall not 
be less than 10-2 tons p.s.i., and for this purpose the elastic limit is to 
be defined as the stress which would give a permanent set not 
exceeding 0-05 per cent, of the original length measured on a stan- 
dard tost piece of 2 in. gauge length. The drums to have a safety 
factor of 1*9 based on the elastic limit as defined above under working 
conditions, the stresses in question being those arising out of steam 
pressures together with the loading due to the suspended and sup- 
ported weight.*’ 
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The elevated temperature test is carried out at a temperature 
of 550° P. for the purpose of ascertaining the stress which will give 
a permanent sot of 0*05 per cent. 

The test piece is placed in the testing machine and heated slowly 
by an electric furnace to a temperature of 550° F. and maintained 
at that temperature for a sufficient period to ensure that both the 
test piece and the extension measuring apparatus are at a uniform 
temperature before proceeding with the test. A load of 2 tons per 
square inch is slowly applied to take up any shock in the testing 
equipment and afterwards the load is applied in increments of 
0-2 tons per square incli, five seconds being taken to apply each 
increment and a further twenty-five seconds allowed to elapse in 
each case before the extension is noted. There is thus a half-minute 
interval between each increment of load. The results so obtained 
may be plotted in tlie form of a gra])h and a lino drawn parallel to 
tlie straight portion of the graph and the point at wliich this line 
cuts the curve should be taken as the 0-05 per cent, proof stress. 
A typical set of figures relating to atmospheric and elevated tem- 
perature tests for boilers operatmg at 625 p.s.i. is given in Table 21. 

Table 21. Test Data 


nrura. 

Test A. 

Test B. 

Forging 
Cost No. 

BrealtinK Sires'^ 
(Tons porsq. in.) 

Elon{;atiun 
(Per cent, on 

2 In.) 

Elastic l^roof 
Stress ('I’ons per 
sq. in ) 

Permanent Set, 

Steam receiver 

30-31-2 

32-34 

11-25-12 3 

Not exceeding 

1,066 





0-0.5 per cent. 


Front . 

34-4-36 

27 6-31 

13 7 16-3 

99 

1,816 

Rear 

31-2-32-6 

31-6-33 

14-4-16-8 

M 

1,914 

Mud 

36-38 

27-6-28 

13-4-14'36 


1,939 


Although the term mud drum is still in use for the lower drum(s) of 
multi -drum boilers it is not intended to be taken as a description of 
its one-time function. 

Tests. A ring from each end of the forging was subjected to : — 

“ A.” Tensile test at atmospheric temperature. 

(a) Breaking stress. 

(b) Elongation on 2 in. 

‘‘ B.’* Tensile tost at a temperature of 560° F. 

(a) Elastic proof stress. 

(b) [Permanent set not to exceed 0*05 per cent, of the original length of the 
test piece. 
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Before leaving the makers’ works and boring for tubes, the drums 
are tested to a hydraulic pressure of not less than twice the maximum 
safety valve load. For example, if the designed drum pressure is 
340 lb. per square inch then the hydraulic tost pressure would be 
680 lb. per square inch. 

After erection on site, with all mountings in place and before 
covering in, each boiler is tested to a hydraulic pressure of not less 
than one and a half times the maximum safety valve load plus 
50 lb. per square inch. Whilst these t^ests are being carried out the 
pressures should be steadily applied and maintained long enough for 
proof and inspection. 

Table 22 gives details of such drums. 


Table 22. Dimensions of Steam and Water Drums 


Designed Drniu Pressure 710 lb. per square Inch 


Desigiiecl Drum Pressure 340 Ib. per square Inch 


Item. 

Front. 

Hear. 

Mud. 

steam 

liecfiver. 

Front. 

Hear. 

Mud. 

Ileador 

Drum. 

Steam 

Receiver. 

Internal dia. 

in. 

42 

48 

48 

30 

48 

48 

48 

30 

36 

I'hicknesa in. 

3 

38 

3i 

li 

w 

IS 

1* 

i 

i 

Overall length 









ft. 

35 

36 

31 

16 

27 

27 

24 

21 

12 

Approx, weight 










tons 

22 

34 

20 


81 

12} 


31 

21 


On completion of erection and testing of all tubes and drums 
they may be treated intenially with special compounds to prevent 
I)itting and corrosion. 

Tubes and Headers. The an angements of the tubes and headers 
vary according to the design of boiler and the positions in which 
they are placed. The size of tube will be primarily dependent on 
the rapidity of steam raismg desired and the cleaning and main- 
tenance necessary. Small tubes permit of rapid steam raising, but 
larger tubes are required if cleaning and maintenance is to be 
minimised. Figs. 124 and 125 show simplified arrangements. 
As already mentioned because of difference in specific volume, more 
tube area is required for low-pressure steam than high-pressure, if 
correct circulation is to be maintained. 

Boilers are sometimes referred to as “ straight tube ” and “ bent 
tube ” boilers, and both types are now so well established that there is 
little to choose between them in so far as efficiency and general utility 
are concerned. Straight tubes with easy access were almost an 
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Boiler Natural Circulating Systems. 


essential in the early days of steam raising when raw water or water 
only slightly softened was used. With increasing temperatures and 
pressures the chemical treatment of water has become a matter of 
prime importance, so that easy access to tubes to remove choking 
scale is no longer a necessity, for scale should not be present. It 
is claimed that the more vertical inclination of the tubes is con- 
ducive to freer ebulition and easier steaming, and owing to the 



curvature of the tubes there 
are less strains on the boiler 
parts. Due to the curvature 
of the tubes and their smaller 
diameter, inspection may not 
be as easy as the straight types. 
There arc fewer caps to be 
ground in and no special 
headers — apart from side walls 
““into wliich the tubes have to 
be expanded. Some engineers 
contend that external clean- 
ing is not so frequent with 
‘‘ bent ” tube boilers. In 
some designs tubes of 30 ft. 
in length have to bo 
anchored to prevent distor- 
iion and each tube lias two 
slotted lugs welded on the 
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back by which they are tied to the boiler structure. The slotting of 
the lugs is necessary to allow for expansion. The drums are rigidly 
supported and all expansion takes place in a downward direction. 
The water wall tubes are arranged in vertical sections formed by 
expanding the tubes at each end into headers. The tubes are 
expanded direct into the drums and headers so that their full 
cross-sectional area is available for passage of water and steam, 
thus providing sufficient thoroughfare for high speed circulation 
at minimum pressure difference. A hand-hole is placed near 
each tube in the headers so that the tube may be independently 
expanded, inspected or cleaned. Forged steel internal covers are 
fitted to each hand-hole and held in place by forged steel dogs and 
cap-bolts. These headers and wall tubes are supported by the steel 
frame and columns forming the combustion chamber structure, 
but are free to expand without danger of leakage, distortion or 
imposing stresses on the structui*e. The tubes are inclined from the 
horizontal in order that the water may flow in one direction under 
the infliience of heat, the angles of inclination varying from 15° to 
70°. It would appear that the vertical position would be better for 
allowing a free upward movement, but it is found that bubbles 
formed on the surface of a vertical tube do not free themselves easily, 
but tend to cling or crawl up the surface rather than to float off, and 
for this reason vertical tubes are not favoured as primary heating 
surfaces. 

The steam and water cross-over tubes between drums should 
be such that a correct pressure difference is established and the 
water level maintained at all loads. Steam cross-overs ensure 
equal steam pressure in all drums, any tendency toward pressme 
differences between drums being counteracted by steam flow through 
the cross-overs. 

All tubes should bo arranged and spaced so as to reduce the 
accumulation of ash to a minimum and eliminate lanes in the gas 
path. The pitching of tubes varies with the design of boiler, but 
6 in. and Gf in. are quite common, and for certain sections 9 in. 
spacing is adopted. Triangular spacing of the bottom rows of tubes 
has been used and found satisfactory. 

The arrangement should permit of tubes being (deaned internally 
and externally throughout thedr entire length and allow of easy 
withdrawal and I’oplacement of eacdi tube without disturbing the 
remaining tubes. The ends of all tubes are annealed, trued and 
buffed before expantling. The annealing of tube ends for a 1,000 
p.s.i. boiler was done by heating the ends to a dull red and then 
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plunging them into powdered lime, allowing them to cool oflE gradu- 
ally. 

As the efl&ciency of the attachment of the tube to the header or 
drum depends largely on the expanding and belling of the tube end, 
care should be taken to ensure that these operations are properly 
carried out (Pigs. 126 and 127). The expanding tools should permit 
of easy manipulation and be such that the tubes are given a good 
“ landing ” in the tube hole. Careless expanding may result in 
unnecessary enlargement and consequent thinning of the tube. 
(Example of 4 in. 650 p.s.i. tubes, expanded to 4'087 in. and bell- 
mouthed to 4*218 in.) To prevent the tube being pulled out under 
working conditions/ adequate belling of the tube end is essential, 
and to accomplish this the tube should project well into the header 
or drum. A figure of | to | in. is usual, except tubes in the highest 
row at the top of the drums and bottom headers which may be 
beaded to prevent air pocketing. All tubes should enter drums 
and headers normal to the surface. 

Pitting and wasting of tube ends externally is usually the result 
of intermittent or prolonged leakage, however small, and is aggra- 
vated by the flue gases. Similar conditions are possible with super- 
heater tubes. Tube failures have at times been caused by attack 
brought about by a combination of three conditions — high gas 
temperature, a reducing atmosphere and a salt content in the coal. 

Tube materials are usually in accordance with the appropriate 
British Standard Specification and are of solid hot-drawn mild 
steel. In certain cases special alloy tubes may be necessitated by the 
temperature conditions obtaining. 

Chemical analysis and sulphur prints are submitted for approval 
before proceeding with manufacture. The sulphur content should 
be as low as possible and evenly distributed tliroughout the metal. 

Tube data relating to three types of boilers are given in Table 23. 

„ . water evap. per hr. . , _ ^ . ,, , 

The ratio : — is the number of times the storage 

water m boiler 

water is evajiorated in one hour and is 1*9 approx, for the two 
examples given. The water storage capacity is very important 
when only a few minutes’ total storage is available before a dangerous 
level is reached Some boilers have only 3 to, 6 minutes’ maximum 
supply and probably half this supply can only be used before it is 
necessary to reduce the loading. 

Corrosion trouble is sometimes experienced with the tubes in 
boilers, especially the straight tube boiler. Fig. 128 illustrates the 
general arrangement of such tubes. In one boiler corrosion com- 
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Fig. 126. Rolled in Groove 31 in. o/dia. 3 S.W.G. Tube. Movement 
Nil at 21 tons (OfiO p.s.i. boiler). 



Fig. 127. Counterbored 3J in. o/dia. 4 S.W.G. Tnbo pulled out at 
33 tons (650 p.s.i. boiler). 
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menced about 7^ in. from the header and affected a total length of 
some 2 ft. of the tube. The actual wasting on the internal diameter 
of the tube commenced at a point at each bottom quarter and 
increased to its maximum deptli at the top centre of the tube where 
the remaining thickness at the part which failed was reduced to 
in. bare. The failure of short lengths of tubes has led to the use 



of cutting out and welding in new pieces. The trouble is commonly 
termed steam pocketing and in time results i?! a tliinning of the 
upper tubes by corrosion due to oxygen formations at the higher 
ends of the tubes. It would appear that this trouble may be due to 
or aggravated by one or more of the following : — 

(1) Kestriction of steam release from tubes to drum. 

(2) Overloading of boiler for extended peaks. 

(3) Oxygen content of feedwater. 

(4) Chemical treatment of feedwater (excessive or too weak). 
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(5) Incorrect water levels. 

(6) Condition of tubes — both inside and outside. 

What is known as counter or reverse flow takes place in these 
tubes, the extent of which is difficult to determine. A slight amount 
will interfere with the steaming capacity and flexibility of output 
due to poor water circulation and steam pocketing. Under these 
conditions the water gauge readings will be erratic due to turbulence 
in the drum as under these conditions circulation is short-circuited. 
There is usually some evidence of overheating in the bottom tube 
rows and about the middle of the front header sections, just below 
the bottom tube rows of the upi)er deck tubes, as the result of 
impaired water circulation and steam pocketing. 

Nipples may be fitted in the water supply ends of the affected 
tubes to prevent back -flow in the tubes. Only a small orifice is 
required to supply water to these upper tube rows and this also 
restricts any tendency to a free discharge if oxygen formations 
occur at the higher ends of the tubes. Fundamentally, it is a ques- 
tion of static head in the downcomer tube and if this head of water 
is interfered with, such as reduced density (due to steam bubbles 
entering the tube), normal water movement and steam bubble 
release is restricted in proportion. 

Brickwork, Water Walls and Baffles. The choice of brickwork 
for the modern boiler is an important item, the types varying 
according to the positions in which it is used. Brickwork may be 
broadly divided into two classes, each being required to serve two 
distinctive purposes : — 

(1) To j)revent transfer of heat. 

(2) To resist high temperature and iinpingomont of fiaine. 

Bricks do not possess both of these qualities, so it is necessary 
to use two separate bricks. 

I'he principal features to be considered are : — 

(a) Ability to resist high temperature. 

(b) Ability to resist abrasion. 

(c) Withstand accumulation of slag. 

(d) Witlistand all expansion and contraction to bo met under working 
conditions. 

(e) Uniformity of size. 

The soundness of the combustion chamber brickwork depends 
on the quality of the bricks, workmanship, thinness of joints and 
operation of the furnace. If a boiler is cooled down too quickly 
there is risk of damage to the arch. 
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The boiler walls should be designed and constructed in such a 
manner and of such material to ensure a minimum of heat radiation 
into the boiler house and be lined with suitable refractory material, 
the whole construction of the refractory being such as to ensure the 
maximum life consistent with the operating conditions of the unit. 
The brickwork should be finished thoroughly sound and tight to 
prevent the ingress of air to the boiler setting. Shaped firebricks 
of suitable quality may be used for combustion-chamber lining. 
Provision should be made for expansion in each course. The allow- 
ance normally required is : 

96 per cent, silica 1*25 per cent, linear (3 in. on‘20 ft. wall) 

Firebricks . . 0*76 per cent, linear (1 -8 in. on 20 ft. wall) 

The life of a boiler setting largely depends upon the quality of 
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firebricks used and the manner in which it is laid and constructed. 
The combustion chamber linings may be laid three stretchers and 
one header in each course or in Flemish bond. All other walling 
may be laid in old English bond. The “ stretcher ” bond is only 
applicable to a in. wall. The “ header bond gives j)erfect bonding 
on a 9 in. wall and is probably the best arrangement for high tempera- 
tures, especially if the load is high on the brickwork , tlie load can 
be carried by the cooler ends of the brick where the temperature is 
lower. For walls thicker than 9 in. the combination of some stretcher 
courses with the headers is necessary to get a tie or bond througliout 
the thickness of the wall. Figs. 129 to 131 show bonds. 

The ‘‘ English ” bond of alternate courses of headers and 
stretchers is the most common bond for 13 J in. walls and is also used 
for thicker walls. The “ Dutch ’’ bond is similar to the English 
bond but gives even better bonding. The alternate stretcher 
courses are not coincident and this makes it less likely to have 
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Revi^ml vertical joints {coinciding in a long wall wlieie tlie bricks 
may gradually mn out of the bond. Whatever method of bonding 
be adopted the joints should l)e kept as thin as possible. The bricks 
should be of a suitable size and true to shape for properly bonding 
together. Well-burned firebricks are used for combustion chamber 
linings, the fire clay being finely ground and of the same quality 
as the bricks. The construction of the combustion chamber 
should be such as to prevent distortion and deterioration of the 
brickwork due to the high temperature and loading. Where repairs 
are unavoidable the brickwork may be of sectional supported con- 
struction, thereby enabling local repairs to be carried out without 



unduly disturbing the adjoining material. Where finned tubes are 
used, firebrick soaps or a plastic mixture may be used for making up 
to the insulating bricks and casings. Both methods have advan- 
tages, the former in that it does not impair tube movement due 
to expansion or other causes whilst the latter facilitates tube removal 
without affecting the brick structure. After the plastic mixture 
is placed in position it sets very hard, becoming one mass of refrac- 
tory, and prevents expansion of the fins and tubes. If a tube has 
to be replaced when soaps are used then the entire length of the 
soaps associated with that tube liave to be taken down. The remov- 
able casing plates help to overcome this difl&culty. 

Water walls were outlined under “ Combustion Chamber.’* 
The area of the water-cooled walls and water screens should be such 
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that the temperature of the combustion chamber is limited so as 
not to affect adversely the brickwork and also prevent the fusing 
of the ash when the units are oi)erating at high loads and higli 
efficiencies. The circulating system in the water walls should be 
positive and the tubes which are exposed to the full heat of the 
combustion chamber should at all times be filled with water and 
steam pocketing must be avoided. The water wall blocks are set 
on all faces and around tubes with a good quality setting material. 
A high conductivity refractory cement between tubes and blocks 
ensures rapid transfer of heat and adequate protection of the 
refractories. In some boilers the combustion chambers are (dothed 



with refractory tiles throughout, the tiles fitting close on the tubes 
which are self-locking. 

Combustion chamber water wall constructions vary and com- 
binations of the different typos are found in practice. The most 
common forms of construction are : — 

(1) Bolted block construction of smooth cast-iron bl(>cks. 

(2) Bolted block made up of cast-iron blocks faced with refractory. 

(3) Plain tubes. 

(4) Fin tubes. ^ 

The bolted block construction is a combination of the first and 
second methods. Smooth or bare blocks are used for protection 
against clinker erosion along the grate level of a stoker, and for 
the higher portions of combustion chaml)ers where it is desirable 
to provide a surface that will absorb heat at. very liigh rates and 
2)revent the adhesion of ash particles. The ingress of moisture 
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between the blocks and tubes may result in electrolytic action and 
corrosion. 

Plain tubes are used in both pulverised fuel and stoker-fired units. 
The front, side and rear walls of the combustion chamber for a 
stoker-fired unit may be protected by water walls of part cast-iron 
block and part plain tube construction. The protective metal 
blocks are fitted on the tubes to a reasonable height above the stoker. 
The height would vary according to whether a chain grate or retort 
stoker was used. 

In some designs the side walls are built in two sections, the bottom 
section being arranged parallel to the grate and completely protected 
by cast-iron blocks. Situated immediately above this section is a 
water screen of plain tubes (slag drip), which enables the slag 
from the side walls to fall clear of the bank of protective blocks and 
drop on to the grate. 

Fin tube walls are used on both stoker and pulverised fuel units. 
The fins may be welded continuously or in short lengths. Troubles 
due to cracking of fins, material stresses and corrosion have been 
experienced with this type of construction. 

The system of baffles and deflectors should be such as to direct 
the flow and maintain the speed of the gases over the tubes to ensure 
correct heat transfer. The baffles and deflecjting tiles are held in 
position on suitably arranged supports. Fire-brick and cast-iron 
baffles are used. All baffles should be maintained in a perfectly 
tight condition. 

Supporting Structures, Casings and Insulation. The boiler unit 
and its integral parts should be carried or hung on its own indepen- 
dent steel supporting structure and have no connection with the 
building. The supporting structure is external to the casing, 
being designed and arranged to avoid the possibility of damage by 
excessive heat. The unit is supported independently of any casing 
or brickwork, provision bping made for expansion and contraction. 
The entire unit is enclosed in a dust- and air-tight mild steel (jasing 
constructed to facilitate removal and prevent accumulation of dust. 
The casing is designed so that it is unaffected by expansion and 
contraction of the boiler or combustion chamber pressure parts, 
thereby obviating the possibility of leakage. All casing joints 
have a non-rubber content asbestos strip. Various types of heat- 
insulating materials have been used for lining the casings, usually 
in the form of slabs or mattresses. 

In some types a stagnant air space is formed between the slabs 
and the casing plates to ensure good heat insulation. 
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The neeeHHary access, observation and ligbting-iip doors and all 
connections for the reception of soot blowers and instrument points 
are provided. The boiler drums and all other parts which are 
exposed to atmosphere are covered with heat-insulating materials 
of appropriate tliickness and composition. The covering on boiler 
tops and drums have good wearing properties to withstand walking 
on. Sheet lead has been used as a protection on boiler drums. 

For particulars of heat insulation, reference should be made to 
‘‘ Pipework,” Chapter VIII. 

Platforms, Galleries and Stairways. The types and capacities of 
steam -generating units have resulted in a considerable increase 
in the heights of such units, which in tui*n has necessitated the 
use of a well-planned scheme of access stairways, platfoims and 
galleries. These provide access to all mountings, instruments and 
integral parts in order that operation, inspection and maintenance 
ma}^ be carried out expeditiously. The platforms should extend 
to each adja(;ent boiler and all end and side walls, so forming, as 
far as possible, continuous floors between and around the boiler 
units. There should be ample floor space at each level, and 
this is possible by omitting light wells. Some floor space, however, 
must be sacrificed due to the necessity of providing sufficient 
headroom for the stairways leading to other levels. Although this 
flooring entails additional cost it is fully justified by its usefuhiess 
to the operation and maintenance staffs. Steep stairways should be 
avoided wherever possible, as they are very fatiguing. The slope 
should be gradual and in any case not more than 40° from the hori- 
zontal. Operatives should be able to go direct to a similar unit of 
plant on an adjacent boiler without diverting from the same floor 
level or having to walk round macliinery and galleries. Some form 
of grid flooring made from steel strips on edge and welded together 
is quite satisfactory. By extending the flooring close up to the 
boiler casings it is possible to eliminate handrailing, sincje it prevents 
operatives accidentally slipping between the flooring and the 
boiler units. Slots have to bo cut out in the flooring to permit the 
many steam and feed pipes, etc., to pass to various levels. Hand- 
railing should be neat and of robust constructibn. To facilitate 
withdrawal and removal of plant certain sections of the flooring and 
handrailing must be removable. 

Ash, Riddlings and Soot Hoppers. The design and construction 
of the main ash hoppers depends on the method of firing, i.e., 
stoker or pulverised fuel, and the type of ash-handling plant installed. 
Steel plate lined with refractory fire bricks or tiles is usual. The 
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design is such that the ashes may be discharged continuously or 
intermittently to Ihe handling plant. The capacity depends on the 
storage recjuiied. 

With low-pressure sluicing and immersed scraper conveyor 
systems the ashes may fall continuously into the water troughs. 
A cast-iron grid may be fitted over the trough. In high-pressure 
water systems tlie discharge of ash to the troughs is regulated to 
avoid choking and means are provided for effecting this. Quench- 
ing nozzles are inciorporated in the upper portions of the storage 
hoppers to render the ash cold and free from dust. To guard 
against the corrosive action of water which has been in contact 
with ash, unmachined cast-iron plates are used, as iron castings 
in their untreated state have a protective skin. 

If the quencher supply fails the possiblity of overheating the 
hoppers is overcome by providing a lining of refractory fire bricks or 
tiles. 

At every three or four (jourses of bricks ledges are cast on the 
inside of the hopper, and in this way brick failure does not cause 
complete collapse ot a wall. The chutes from the hopper outlets 
have a by-pass door so that the ash may \ie discharged on to the 
floor of the basement in case of handling plant failure. In some 
designs two doors are included, one serving as the emergency 
outlet and the other for preventing discharge to the sluiceway. 

The double door arrangement necessitates two operations, to 
close off the discharge to the sluiceway and to open up discharge to 
the basement floor. With such an arrangement it is possible that 
the first operation may bo effected without the second operation 
taking place and the discharge of ash is not fool-proof and may 
result in building uj) of ash in the hoi)i)ei*s to the underside of the 
crushing rolls or dumpers. A single door may be used, which sim- 
plifies construction and use can be made of a robust and simple form 
of door operating gear such as a worm and worm segment mechanism 
with ratchet spanner. 

Door troubles are sometimes experienced. The fine ash, mixing 
with the vapour rising from the trough, is de})Osited and hardened on 
the operating gear (which is usually in the form of a rack and pinion 
on slides) and causes jamming. This is a point of importance, par- 
ticularly with the double door arrangement. Hopper door design 
should receive special attention owing to the arduous conditions 
under which they are required to operate. Failure of operating 
gear may result in large quantities of ash accumulating in the 
hopper pits or chutes and will impose considerable load on the gear. 
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It may be necessary to provide access doors in the hoppers and chutes 
to facilitate cleaning, and these should be of adequate proportions. 

The riddlings or siftings hoppers are of much lighter construc- 
tion than the ash hoppers, the lining varying with the type of 
stoker used. Vertical portions have slab insulation with non-con- 
ducting heat-resisting composition, whilst sloping portions have 
plastic insulation with a layer of refractory tiles bedded on top and 
jointed with fireclay. The larger hoppers have a door to give access 
to the wind -box. An outlet gate is fitted on each hopper which 
is operated from floor level. The basement should be kept free from 
all dangerous projecting rods, levers, handles, etc., which hinder the 
movement of operatives. This applies in particular to hopper outlet 
operating levers and a chain-operated sliding screw gate is quite 
suitable. 

The riddlings or siftings, the quantity of which is small, usually 
about 0-05 to 0-10 per cent, of the coal fired, should be observed 
at discharge for two reasons : — 

(1) To ensure that the lioppers are emptied. 

(2) Examination of the riddlings discharged will give good indication of 
the correct mechanical operation of the grate. 

The riddlings chute can be designed to meet these requirements 
by fitting a by-pass door and small chute to permit of alternative 
discharge to a bogie or tlie basement. The normal discharge can be 
to the ash-handling system. 

Like the ash and riddlings hoppers the number and size of soot 
hoppers will depend on the capacity of the boiler, and with boilers 
of similar capacity, manufacturers have different ideas regarding 
both number and size. Pockets should be eliminated to avoid any 
accumulations of soot or other deposits. The economiser and boiler 
soot hoppers require lining witli refractory tiles or bricks, but those 
on gas ducts and precii)itators are generally left unbned. 

Access to each hopper should be possible by a conveniently placed 
door of adequate proportions. To facilitate clearance of an outlet 
stoppage due to pieces of brickwork or insulation a number of poke- 
holes should be provided in each hopper and companion com- 
partment. The soot and flue dust is extracted froin the hoppers by 
vacuum extraction plant whilst the boiler is in operation. Special 
valves are fitted to the hopper outlets for this purpose. 

STOKERS 

A stoker should not only be designed from the combustion point 
of view, but it must also be mechanically strong to withstand all 
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working strenses due to high temperature, etc. A sound and simple 
design will ensure low first cost, minimum maintenance and opera- 
tion for long periods without failure. Some of the factors to be 
aimed at in stoker design are : maximum rates of burning, highest 
continuous efiiciency and the unlimited choice of fuels. 

Any study of the use of stokers must commence with an analysis 
of the four principal constituents of coal, namely, moisture, volatiles, 
fixed carbon and ash, or more generally, water, tar, coke and dirt. 

These determine the features which should be embodied in the 
stoker and furnace equipments so that proper treatment of the coal 
at the correct time is effected on its passage through the furnace. 
Apart from the analysis and calorific value the properties of coal 
which affect combustion are : the size distribution for which perhaps 
the most quoted figure is the percentage passing through a ^ in. 
sieve ; the agglutinating value, which is a measure of the capacity of 
the particles to bind together when heated, and the percentages of 
sulphur and phosphorus, the first because the burning of sulphur 
produces fumes which should be eliminated from the flue gases 
where deemed necessary before passing to the chimney and the 
second because this constituent may affect the boiler -tube fouling in 
certain forms of firing. In order to maintain high efficiency it is 
necessary to ensure that the following are in good condition ; ash 
plates and dumping bars, sealing plates at side of stoker, brickwork 
of arch and curtain and feedbar. 

Whichever type of stoker is used the coal has to be taken from the 
bunkers to the feeding hoppers on the boilers. The coal falls by 
gravity from the bunkers tlirough a valve into feeding chutes. In some 
installations automatic weighers are included in the downspouts 
between the cut-off valves and the boiler feed hoppers. The cut-off 
valves may be operated from the firing floor by means of chains. 
A good arrangement is to let the chains hang down to about 10 ft. 
above floor level and provide opertating poles. The chutes are one 
of two types, namely, traversing and fixed. The former are designed 
to meet the large width of grates now in use, as the fantail rect- 
angular box type chute which spreads uniformly from the bunkers 
to the feeding liopper is unable to provide a sufficiently even dis- 
tribution of coal. A special design of fixed chute is in use which is 
non-segregating. It contains portions of cones on to the apex of 
which the coal is fed from the bunker chute. Perfect distribution 
and even feed of coal across the full width of the grate is claimed, 
but traversing chutes appear to be better even for retort stokers. 
There are usually two or three chutes for large boilers. The traversing 



BOILER PLANT 


287 


chutes travel the full width of the feeding hopper, the motion 
being effected by means of a continuously rotating screwed shaft 
which engages with a special nut attached to the chute. The 
operating shaft has right- and left-hand helical grooves and the nut is 
designed so that at the end of its travel it reverses automatically. The 
speed of the carrier is about 4 to 5 ft. per minute, and the minimum 
time for the chute to travel across and back would be approximately 
four minutes. The chutes are operated from the stoker drive, 
there being two or four chutes for large boiler units. Coal chutes 
are of welded mild steel plates, wearing plates also being included. 
The chutes may be lined with vitrified steel plates to prevent rapid 
wear and tear. Due to shortage of coal or local conditions it may 
be desirable to use a proportion of coke or coke breeze. Special 
mixing bunkers wUl be necessary but at the best permanent mixing 
is difficult and restricts the use of coke. A double chute arrangement 
is possible, one for coal and the other for coke. 

In one station, due to low-grade coal (9,000 B.Th.U. as fired, 
22 per cent, ash, 20 per cent, volatile), provision was made to instal 
hopper screening gear on the stokers if found necessary. This 
provides for a layer of fines to be superimposed on a layer of peas 
on the grate and so promote early ignition. 

The use of coke breeze on retort stokers is limited and appears 
to be only suitable at easy loads up to economical rating. It is 
found that the coke breeze is blown off the tuyeres towards the back 
end and much of it is deposited in the crusher pit which may lead 
to burning and damage to the crusher rolls. 

Another disadvantage is that coke is very abrasive and causes 
considerable wear on the I.D. fan runners and casings, etc. The 
stokers are one of two classes, overfeed chain grate or underfeed 
multiple retort type. 

Chain Grate Stoker. This is the most common type, the forward 
motion of the grate carries the coal from the hopper at the front 
end, thereby controlling the fiow on to the travelling grate. This 
hopper has a reasonable capacity and is fitted with a cut-off gate 
which extends the entire width of the grate. The primary function 
of this gate is to control the fiow of coal to the grate, but in addition 
it gives access to the furnace during banking and similar operations. 

An index plate with pointer indicates the thickness of coal bed 
at all times and this may be regulated by adjusting the opening of 
the doors on the furnace front. Further control of combustion 
is obtained by speed control of the stoker driving motor. For very 
large boilers twin grates are used. The travelling-grate stoker, whidx 
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has evolved from the original chain grate stoker, utilises a grate 
surface which is carried round by the chain, but is an independent 
structure so that it can be designed with a view to combustion 
efficiency and good clearing of the ashes rather than be hampered by 
the necessity of carrying mechanical loading stresses at the same 
time. The design and construction of the grates has received 
special attention, the linking arrangement in particular (Fig. 132). 
The links are made from heat-resisting cast iron designed to mini- 
mise breakage. The grates are sub-divided by the use of sectional 
linking, each section being built up of a common t3rpe of link 



Kiq. 132. Orato Fire Bars and Bulb Anglos with Hollers and Guides. 

(Beiinis Combustion Ltd.) 

which forms the greater portion of the grate surface. The sides 
of the links are serrated which gives the grate a large air spacing 
without an excessive spat^e between individual links. This reduces 
the quantity of riddlings or particles of unburned coal which fall 
between the links of the grate into the air boxes below to about 
0-5 per cent, of the total coal fired. Coal bridges over the top 
of the serrations and air can pass along the grate surface and so 
reach all parts of the coal-bed. It is claimed that this type of 
link has the advantages of uniform distribution of the air to the 
coal, reduces riddlings passing through the gate, low percentage 
of carbon in the ash, high rates of combustion, large area of metal is 
exposed to the cooling action of the air passing through the grates, 
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and movement of the links relative to each other prevents the air 
spacing being choked with ash. The edges of the grate are sealed 
against air leakage by overlapping side links. In this way the 
damage to the brickwork and clinkering of the side walls which may 
be caused througli excessive air leakage is prevented. 

Tlie air supply above and below the grate is of prime importance 
and it is usual to divide the underside of the grate into several com- 
I^artments, each of which are coimected to the air duct or wind box 
through adjustable dam])ers. The arrangement is such that the air 
pressure from the forced draught fans is a maximum in the first com- 
partment and is successively reduced in the remainder. The reduc- 
tion in an* pressure or draught is approximately proportional to the 
thickness of the coal bed on the grate above. The air distribution 
valves are so arranged that all the valves in each row are operated 
simultaneously. The valve arrangement is such that any fine dust or 
riddlings which may fall through the grate can fall straight through 
the valve opening without any possibility of holding up. Some 
stokers have a fan for delivering cold air over the return half of the 
grate to cool the lower half and so reduce maintenance and combus- 
tion troubles. If the temperature of the grate gets out of control 
trouble may be experienced from “ cauliflowering.” 

At the front end of the grate the raw coal undergoes a process of 
coking and it is here that the volatile hydrocarbons are driven off 
and combustion of the resulting gas can be effected by defiecting 
them downwards on to the incandescent coal further back. To 
meet this requirement it is usual to provide a low ignition arch 
and in addition combustion may be further assisted by including a 
supply of secondary air tlirough nozzles in either the front or rear 
arches of both. Arches of various forms have been tried. The 
three chief functions of arches are : — 

(1) To ignite the coal. 

(2) To direct the flow of gases to the heating surface. 

(3) To ensure proper mixing of the furnace gases. 

The arches are subjected to severe working conditions and 
the ordinary brick-built arch is not suitable as it lacks strength and 
the ability to “ breathe.” The construction adopted to meet these 
conditions consists of strong steel joists from which are supported 
steel hanger beams, the latter holding in position specially formed 
small refractory blocks. These small blocks in turn hold deep 
section refractory blocks and is referred to as a suspension arch. 
The double arch construction has been used but in this case the 
intensity of draught is stepped upwai'd from front to rear, being 
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greatest where the coal bed is thinnest. From the front end of the 
grate a large volume of rich gas rises slowly and meets the hot 
quick-moving gas from the rear end, resulting in thorough mixing 
and ignition in the furnace throat. In some designs the front arch 
is practically eliminated whilst in others both arches are employed 
and the angle of inclination of the walls increased. In a number of 
designs stokers have been set within square walls in the combustion 
chamber without an arch. Fires are usually burning several feet 
from the dumper noses and if “ conditioned coal is used the ash 
on the dumpers will generally be of a small nature. The coal is 
sometimes ‘‘ conditioned *’ by watering before enteiing the boiler 
bunkers and a further advantage is that “ tailing ’’ on the fires is 
avoided although this also depends to a large extent on the charac- 
teristics of the coals burned. The travelling grate carries the ash 
along to the rear of the combustion chamber and then dumps it 
into hoppers. 

Stoker ratings may vary from 30 to 50 lb. per sq. ft. per hour and 
where lower grade slacks containing a high proportion of “ fines ** 
(particles under | in. sizing) are burned the additional capital cost 
of installing boilers with stokers at the lower ratings is often justified. 

The grate is driven by worm reduction gears and electric motor. 
For large stokers independent gear boxes are provided which are 
direct coupled to stokers by means of flanged couplings. The boxes 
have a spring-loaded slipping clutch and all the internal moving parts 
nin in oil baths. The boxes may be designed for wheel mounting, 
thereby avoiding floor fixings beyond a safety saddle piece fitted on 
the rear wheels. Variable speed motors are sometimes used for speed 
regulation but constant speed squirrel cage motors with gear boxes 
having eight speeds are quite suitable. 

Spreader Stoker. In spreader or sprinkler stokers the coal is 
handled by the revolving blades of feeder units and flung out into 
the furnace on the top of .the fire, the smaller particles burning in 
suspension as they pass through the flames. This type is now 
in service in this country for units up to 250,000 lb. of steam per 
hour. Although pulverised fuel firing is established in a good 
position by virtue of the high availability it offers when com- 
pared with travelling grate stoker firing, there is a field in the 
smaller and medium size of unit in which types of firing appliances 
handling raw coal can successfully operate. The spreader stoker 
has been widely adopted in the U.S.A. The travelling grate 
is usually arranged to move towards the front of the boiler, which 
has the advantage of giving larger particles more time for com- 
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bustion, the speed of the grate being much slower than that of the 
normal travelling grate stoker, which is a function of the amount 
of coal being burned. The choice of this stoker for one station was 
influenced largely by the difficulty of obtaining uniform quality and 
grading of slacks suitable for the operation of chain grates. It was 
considered that this stoker would be more adaptable to the fluctuat- 
ing and poor qualities of fuel obtainable. 

The raw coal which should pass through a 1^ in. ring is delivered 
to the combustion chamber by a series of feeder units placed across 
the furnace width. These feeders are at such a height that the 
trajectory of the coal thrown from the rotor is evenly distributed on 
the grate and reaches the rear end of the grate. During this process, 
particles fine enough for burning, ignite as they pass into the flame 
and bum out in suspension. A large proportion of the coal, how- 
ever, ignites on contact with the active fuel bed and burns out on the 
grate. The fuel bed is normally about 1 in. thick and combustion 
takes place at the surface of the bed. The ash remains below the 
fuel and both grate surface and ash are maintained at the tempera- 
ture of the incoming air. This tends to eliminate clinkering even if 
the fusion temperature of the ash is as low as 2,000*^ P., and ash 
on the grate tends to protect the bars. 

The feeders are coupled together and driven by one motor and 
cooling air is applied to those feeder parts which are exposed to 
radiant heat of the furnace. Since there is very little active fuel in 
the furnace at any given time, the fire will go out v ithiri a few minutes 
if the fuel supply is stopped, even though the air su})ply is main- 
tained. This feature makes the spreader stoker very responsive to 
changes in fuel and air supply and an increase or decrease of fuel 
with constant air flow, or vice versa, vdll produce a marked change of 
CO 2 in the flue gases in a matter of seconds. 

Efficient operation therefore demands that not only should the 
fuel and air supply be operated simultaneously, but that they 
should be varied by corre(?t corresponding inci ements. 

This stoker has been arranged for grit refiring for 300,000 
lb. /hr. boilers and cyclone burners for greater capacities. Freedom 
from bonded dej) 08 it 8 and flexibility due to very rapid response 
to changes in rates of evaporation are advantages claimed for this 
stoker. The very rapid response of this stoker to changes either 
in air or coal supply necessitate automatic control to obtain 
best results. 

The grate is built uj) in sections, each of which has its own leeder 
and the grate travels from the rear of the furnace to the front, i.e., 
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in the opposite direction to the usual chain grate stoker. Troubles 
have been experienced with some plants particularly from : boiler 
fouling (generating and superheater zones) ; superheater tube 
failures and generating tube thinning ; grate bar breakages ; 
wastage of Bailey blocks ; Bailey wall tube thinning and feeder 
mouth refractory wastage. 

This stoker is simple to operate, easy to light up and bring into 
commission, flexible and responsive to load change and capable of 
being banked and brought up again with low fuel consumption. 
The first cost of a unit for a given duty is generally about the same 
as for stoker firing in the smaller sizes and slightly less in the larger 
sizes. It is considerably less than the first cost of a correspond- 
ing pulverised-fuel boiler unit. For medium and large capacity 
units it is usually necessary to provide some form of grit refiring 
system. 

Retort Underfeed Stoker. Tlie retorts ai‘c in the form of troughs 
of rectangular cross-section with upper edges whic^h are downwardly 
inclined from the front to the rear of the stoker. As the floor of 
each retort is inclined in a similar direction but at a lesser angle to 
tlie horizontal, the arrangement is such that tlie volumetric^ capacity 
of the retort is uniformly diminished in a rearward direction. The 
retorts are positioned at regular intervals across the stoker width, 
and the grate surface proper which occurs between the retorts is 
supported from, and accordingly has the same inclination as, the 
upper edges of the retort sides. This grate surface consists of a 
large number of overlapping plates, each of which has a smooth 
upper surface and a lower surface which is ribbed longitudinally. 
The multitudinous orifices formed by superimposing the ribbed 
lower surface of each plate on the smooth upper surface of the plate 
immediately below, along the full length of, and betw’een each 
adjacent pairs of retorts, provides the means for the admission of 
air. These plates are known as tuyeres."’ 

The coal hopper is placed laterally across the stoker front 
and receives its coal supply through downspouts and chutes 
from the bunkers. The })rimary rams which reciprocate horizontally 
take charge of coal from this hopper and force it through entrance 
throats into the upper ends of the retorts. 

A number of secondary rams or pushers, which also have a 
horizontal reciprocating motion, are positioned in the floor of each 
retort. The first of those receives tlie coal as it jiasses from the 
primary ram and forces the coal down the retort to the second 
pusher, which in turn forces the coal still further down the retort and 
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so on, the number of pushers in each retort being a functjon of the 
particular length to which the retort has been built. 

Combustion can only take place above the level of air admission, 
i.e., above the tuyere plates and the upper edges of the retorts. It 
follows therefore that the coal can only enter the fire from below, 
that is to say, it is underfed. The assistance which the stoker 
mechanism receives from gravity in the propulsion of the coal bed 
can best be understood from an appreciation of the fact that the 
weight of coal is supported more particularly on the retort bottoms, 
which have an angle of some 20° to tlie horizontal. The pushers 
reciprocate in a horizontal direction and consequently the greater 
the inclination of the retort bottom the more effective will become 
the incidence between the pusher and the coal bed. The angle 
of 20° refen’ed to is tliat which experience has proved to provide 
the most effective incidence betAveeii pusher and coal bed without 
disrupting the structure of the fire, and it is also that which allows 
the influence of gravity to operate to the fullest practicable degree 
in actuating this coal b(Hl in conjunction with the forward move- 
ment of tli(* jmshei’s. Each distributing pusher is adjustable 
(generally short stroke for diy coal and long for wet coal) from 
the front, tlius giving complete control for maintaining the requisite 
fire surface contour and coal-bed thickness throughout at all loads, 
whatever the characteristics of the coal. Air enters the tuyeres 
from the wind box below and issues through multitudinous orifices, 
horizontally into the coal bed, so ensuring an intimate mixture of 
oxygen and combustible matter. High-pressure secondary air has 
been used with this type of stoker and two secondary air fans may 
be fitted. Care is essential in the operation and maintenance whilst 
good working conditions are also influenced by the classes of coals 
used. Under certain conditions it is possible to form huge clinkers 
and unless care is exercised damage to the pushers is unavoidable 
whilst the grate may also be severely bmnt. The only way to 
remove such clinkers is to burn off the fire as soon as it is convenient 
and after the chamber has cooled so as to permit of men entering, 
then the clinkers can be broken up. The retorts and tuyeres are 
j)rotected from damage by a layer of green coal,/ yet it is possible to 
regulate the air supply to such a degree that a very high furnace 
temperature is maintained and the CO 2 content of the gases leaving 
the combustion chamber can be kept fairly high at all ratings. 

The range of the feeding gear and variable speed drive combined 
with the reserve in the deep bed of coal makes it possible to cater 
for wide and rapid fluctuations of load. There is no necessity for 
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any quenching of the ash, and ilie large mass of clinkers and ashes 
in the pit and the arrangement of crushing and extracting gear 
form an effective seal to the furnace. The large clinkers from these 
stokers make it impossible for sealing plates to be fitted in the 
water troughs. 

The rotary ash discharge system consists of a pit with two rolls 
at the lower end, the rolls being provided with crusher teeth. The 
rolls rotate outwardly and in opposite directions, thereby crusliing 
tlie clinker against adjustable aprons and discharging it to the hopper 
below. The clinker crushing and extracting rolls are driven through 
gears by electric motors of the squin‘el cage constant speed type. 

Ash of reasonable size is used to fill the pit before lighting up. 

The stoker drive may be a constant speed squirrel cage motor in 
conjunction with a hydraulic variable speed transmission, giving 
a speed range of about 30 to I, and which is capable of operating 
continuously and reliably for long periods at any speed within this 
range. This drive appears to give better control of firing conditions 
than does the commutator motor drive. A variable speed a.c. 
commutator motor is sometimes adopted wliich obviates the use of 
hydraulic transmission gear. Occasional reversing of the motor is 
required to free any obstruction which may foul the mechanism and 
cause the shearing pins to fail. Table 24 gives comparative details 
of chain grate and retort stokers. 

Table 24. Chain Grate and Retort Stoker Details 



150,000 Jb. per hour N.E.R. and 187,600 lb. per 
hour M.C.R. 


Chain Grate 

Retort 

Length of grate ..... 

18 ft. 0 in. 

19 ft. 8 in. 

Width of grate ..... 

26 ft. 0 in. (twin) 

26 ft. 3 in. 

Projected grate area, square feet . 

472 

616 

Number of retorts .... 

— 

16 

Number of tuyeres per retort 

— 

49 

Type of speed reduction gear 

8-speed gear box 

2-Bpeed gear boxes, 
A.C. variable speed 
commutator motor. 

Thickness of fire, N.E.R. . . . I 

6 in. 

18-24 in. 

Thickness of fire, M.C.R. 

6 m. 

18-24 in. 

H.P. of stoker motor .... 


1 8/2-67 

Number of stoker motors 

1 2 

I 1 

Speed of stoker motor, r.p.m. 

Speed of crusher rolls .... 

960 

1,440/480 

— 

1 rev. in 56 mins. 

H.P. of crusher motor .... 

— 

10 

Number of crusher motors . 



2 

Speed of crusher motor, r.p.m. 

— 

720 

Total weight of complete stoker, tons . 

96 

136 

Comparative cost .... 

10 

12 
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SUPERHEATERS AND DESUPERHEATERS 


Superheaters raise the steam from saturation temperature to a 
final temperature of from 760° to 1050° F. and to obtain satisfactory 
control of the steam outlet temperature many boilers are fitted with 
two superheaters, a primary and a secondary and a desuperheating 
equipment. 

When a superheater is designed for a given input of dry steam 
a very small quantity of water will lower the superheat appreciably. 
Assuming a pressure of 200 i).s.i. and entering steam to be 2 per cent, 
wet. Latent heat of steam at this pressure — 800 B.Th.U./lb. 

800 2 

Number of B.Th.U. required to dry the steam = 1^- 


Specific heat of dry steam at this pressure = 0-75, then superheat 
will be lowered by 16/0*75 = 21° F. approximately. 

A superheater consists of an inlet and outlet header between 
which are connected a number of small diameter U-shaped tubes in 
parallel or series. The tubes or elements may be of single or bifurcated 
construction, the latter reducing the number of joints required. 


Each comprises two 
steam paths in paral- 
lel, joined at the ends 
to common inlets and 
outlets . Superheaters 
may have two or more 
passes across a boiler, 
Fig. 133, but current 
practice appears to 



favour the single-pass 

superheater. When a superheater consists ot a number of passes 
across a boiler there is a difference in temperature of the gases 


leaving the various passes, and this may have a detrimental effect 
on the performance of the boiler, economiser and air heater. From 
operating resiilts it is noted that the difference in gas temperature 
leaving the superheaters is almost negligible. The superheater 
elements are attached to the headers by meana of clamped metal - 
to-metal ball joints held in position by forged clamps and steel 
studs ; hand-holes are unnecessary and it facilitates easy fitting 
and removal of elements and reduces the number of joints. Special 


joints are used for very high pressures, and temperatures of over 
750 p.s.i. and 800° F. (Figs. 134 and 135). By using return bends 
multiple loop superheater elements of any desired length may be 
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fabricated. With the multiloop arrangement, the desired degree of 



superheat may be ob- 
tained with a single - 
pass superheater built 
up of many elements 
all connected in parallel 
between two headers. 

The elements are 
fitted with heat- 
resisting steel bands 
welded into position, 
tlio inlet and outlet 
legs ot each being fitted 
with an adjustable 
su])poiting sleeve and 
washer. The main 
support H are placed 
outside the boiler and 


Via. 134. (Supcrhoftter Co. Ltd.) Usually oomiirise angle 


sections studded to the underside of the superheater headers. The 


elements inside the 
boiler setting have 
heat-resisting iron 
spacers and strap bolts 
and nuts of lieat - 
resisting material . T li 
inlet and outlet liead^ 
are fixed on roller 
supports mounted on 
steel beams. The 
arrangement of the 
flow of steam through 
the superheater tubes 
affects overheating, 
the tube temperature 
being lowest when 
saturated steam first 
flows down the front 
bank of tubes and 
afterwards up the back 
row of tubes. If satur- 



ated steam first enters the back row of tubes, then tJie steam at its 
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lowest temperature meets low temperature gases. The steam in 
the front banks of the tubes is also at a higher temx)erature when 
the gases outside are at a higher tem^^erature. The tubes of this 
front bank, under such conditions, will be at a higher temperature 
than the tubes at the back of the bank. This arrangement of flow 
conduces to obtaining the highest superheat. The use of small strong 
tubes minimises damage duo to overheating. The strengths of 
materials at high temperatures depend on their creep jDroperties, 
for at a metal temperature of about 900° F. ordinary mild steel 
commences to oxidise on the inside of the tube in contact with 
the steam. This oxidisation results in the formation of a heat- 
resisting crust which impairs heat transmission and encourages high 
local metal temperatures. 

Mild steel is suitable for metal temperatures up to about 925° F. 
(steam temp. 850° F.), and 0-5 per cent, molybdenum steel is used for 
metal temperatures of 925 to 960° F. (steam temp. 850° to 900° F). 
To ensure protection the superheater elements should have a reason- 
ably high steam velocity, by designing the superheaters with suffi- 
cient pressure drop. Sui)erhcaters designed in accordance witli the 
following have proved satisfactory : — 

Boiler output 187,500 lb. per horn*. M.l'J.H. 40 p.a.i. drop. 

,, ,, 130,000 ,, ,, ,, 17 ,, ,, 

It has been demonstrated that theoretically the maximum stress 
in a bend of uniform tliickness is not on the outside but on the inside. 
This is offset in jiractice by the thickening of the metal which takes 
j)lace on the inside of the bend and many bursting tests confirm that 
the close radius bends are actually stronger than the straight tubes 
from which they are made. Failures have usually occurred in the 
straight portion rather than in the bend. 

Superheaters for two-shift operation are preferably of the 
horizontal self-draining type with a damper controlled by-pass and 
30 per cent, of the heat input at continuous maximum rating can 
be applied to the furnace in the second stage. For base-load stations 
a combination of the pendant secondary and horizontal self-draining 
primary is most suitable. With primary and secondary 8ux)erheaters 
of the pendant type the heat input is limited to about 16 per cent, 
of the maximum continuous rating and entails intermittent firing. 
Pressure raising following a thirty-hour bank may vary from ninety 
(with gas by-passing) to 240 minutes, depending on the type of 
superheater. 

Pig. 136 shows an arrangement for the protection of the 
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superheater during pressure-raising, banked, or liglit load con- 
ditions. 

Considerable tliought has been given to the control of steam 
temperature to protect the superheaters and turbines against 
unavoidable rises which may take place. Where convection 
superheaters are installed integrally so that all the gases pass over 
the heating surfaces, the steam temperature rises with increasing 
load and in the absence of any appreciable increase in moisture 
content of the steam will attain its maximum at peak load. The 





Fio. 136. Saturated Steam Connections for protection of superheater 
during pressure raising, banked or light load conditions. 


rate at which steam temperature rises as load increases depends 
upon the position of the superheater in relation to boiler heating 
surface. As the proportion of heat transfer due to radiation 
diminishes, and that due to convection increases, so the superheat- 
load curve becomes steeper (Figs. 137 and 138). Convection super- 
heaters are therefore placed in a high temperature gas zone where 
the ratio of radiation to convection transfer is high. The dimensions 
of the superheaters are also kept within reasonable limits. For 
similar reasons combined radiant and convection superheaters may 
be used, but a suitably placed convection superheater will give 
equally good results. The intertube and interdeck superheaters 
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Fig. 137. Typical Tomperatiiro Charac ter i sties of (^onv’oction, Radiant 
and Combined Superheaters, 



So yoo yyo tzo /so 

- /OOO 

Fig. 138. Superheater Performance. 


which arc preceded by a small amomit of boiler heating surface are 
typical examples. Methods of superheat control are : — 

{ 1 ) Dampers in the gas path. 

(2) Control of the steam temperature within the superheater. 
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(3) Combining radiant and convection superheaters in series, enabling 
inherent superheat <*ontrol to be obtained. 

(4) In pulvorised fuel boilers by effecting steam temperature control 
entirely by the use of tilting biirnors. 

(5) (las recirculation from the economiser into the combustion chamber 
has been suggested as a way of controlling suj)er}ieat temperature at times of 
liglit load. 

With gas by-passing it is possible to vary the amount of furnace 
gas passing through the superheater. 

The second method has been developed by the Superheater Com- 
pany Ltd., whieli incorporates a desuperheatmg equipment. It is 
claimed tliat complete control can be ensured by the use of primary 
and secondary superheaters and intermediate desuperheating. On 
the surface type attemperator, a proportion of the steam leaving the 
primary superheater is led through tubes immersed in water, cither in 
the boiler drum, or in a separate vessel connected with the drum, 
so that tlic heat abstracted from the steam is returned to the boiler 
water. A thermostatic control operates a by-pass to vary the 
])roportion of steam whi(;h passes through the attemperator. In the 
spray tyi)e attemperator, a water-spray is injected into tlie steam, 
wliich gives up some of its superheat in causing evaporation of the 
spra}'. This method necessitates increasing the superheater heating 
surface by an amount whicli depends upon the range of evaporation 
over which eontiol is required, the design being such that the final 
temperature is reached at a xjredctermined inteu-mediate load. After 
this an increasing proportion of the steam passing from the primary 
elements to the secrondaiy elements of tlio su})erheater is diverted 
tlirough the desu|:)erhcater. By this means excess superheat is absorbed 
and tlie steam produced is returned to the boiler. This, in effect, is 
equivalent to bringing an increasing tamount of steam generating 
surface into operation as the load on the boiler rises. The control 
of steam temperature by means of dcsux)erhcating compensates not 
only for the effect of changes in tJie rate of evax)orati()n, hut also for 
all other varial)le factors wliich influence the degree of superheat 
obtained at any time as distinct from the average figure obtaining 
at a particular load. The most important of these are : — 

(1) Condition of heating surfaces affecting boat transfer. 

(2) Amount of excess air for cjombustion. 

(3) Kato of water feeding. 

(4) Temperature of feed water. (Reduced feed temperature results in 
increased superheat.) 

(6) Rapid fluctuations in steam demantl. 
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(0) Fineness of grinding in pulverised fuel plants, 
creases temperature.) 

(7) Soot blower operation. 

(8) Boiler drum water level and concentration. 

(9) Slagging up of ash pit screen tube wall. 

A combination of these influences might easily result in an 
increase of 50° F. in superheat and such excess temperature is 
undesirable where the operating figure is already a maximum. 
Controlled superheaters render final steam temperatures independent 
of the varying degree of cleanliness of heating surfaces. As these 
surfaces become dirty the load at which control comes into operation 
will be higher, but where the designed range is ample for the particu- 
lar conditions of load, steam temperature will remain constant 
throughout for long periods of working. Decreasing tlie feed water 
temperature in a boiler increases the superheat for a given output, 
e.g., a redu(;tion from 450° to 350° F. would probably result in a 40° 
increase in superheat and a 70 per cent, increase in heat input. 
Such changes would therefore affect the temperatures tliroughout 
the unit. The desuperheater or attemperator used in conjunction 
with controlled superheaters comprises a forged steel shell and 
cast steel base complete with elements, with flanges for steam and 
water services. The elements are made from solid hot-drawn steel 
tubes, exi)anded and bell-mouthed into a tube plate of cast steel. 
By increasing the heating surface in the primary superheater, the 
heat transfer per square foot of desuperheating surface is increased, 
thus reducing the size of desuperheater. Increased sui)erheater 
surface and a desuperheater, together with additional piping, valves 
and control arc necessary which entail higher capital cost/. Tliis is 
considered justifiable due to the saving accruing from reduced steam 
consumption brought about by the steam temperature being main- 
tained constant regardless of variations in boiler loading and other 
operating conditions. Further, positive protection against damage 
due to excessive temperature is afforded. Desuperheating, lai'gely 
because of throttling, causes a relatively large loss in available 
energy, and by the same standard the blow-down system may often 
be less inefficient than commonly assumed. "The radiant sui)er- 
heater (one directly exposed to furnace radiation) gives a falling 
steam temperature with increase in load, while a convection super- 
heater (located in the gas passes, away from direct radiation) gives 
a rising temperature with the same conditions. By utilising both 
types, connected in series, compensation can be obtained. Tilting 
burners maintain control of steam temperature by altering the 
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position of tlie hottest zone of the furnace. The burner tilting 
mechanism is servo-operated, under thermostatic control. 

Automatic Control of Steam Temperature. An automatic system 



of steam temperature control has been evolved by Messrs. G. Kent 
in which the regulation of the steam temperature is effected by vary- 
ing the proportion of the total steam flow which is passed through the 
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desuperheater. Two butterfly type control valves are included, 
one of which is in series with the desuperheater and the other in a 
by-pass. The valves are mechanically connected so that as one valve 
closes the other opens. The superheater is divided into two sections 
with the desuperheater and the control valves placed between them, 
the steam passes through the first section, the desuperheater, and 
then through the second section. The temperature of the steam in 
accordance with which the control valves are moved is measured 
at the outlet of the second section by a mercury in steel thermometer. 



Fig. 140. Connections of Superheaters and Desuperheaters on Boiler Unit. 

This consists of a steel bulb connected by a steel capillary tube to a 
spiral bourdon tube, the whole being filled with mercury under high 
pressure. The movement of the bourdon tube is magnified by 
mechanical relay and actuates a gradient analysing mechanism 
carrying electrical contacts. These contacts 'energise contactors 
which control an electric motor in the gear box operating the control. 
The gradient analysing unit employed is designed to permit correct 
temperature in the shortest possible time. To assist in operating 
the plant while the boiler is being put on or taken off the range, 
and to provide for any emergencies, remote control switches are 
included. 
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A three-position switch provides for : — 

(1) Full “ automatic ” plus “ remote ” plus “ hand ’* control. 

(2) “ Remote ” plus “ hand ’* control. 

(.3) “ Hand ” control only. 

Coloured lights show the limit of valve travel in either direction. 
The circuits of the “ raise-lower ’’ switch are so arranged that the 
turning of the switch automatically cuts out for the time being the 
automatic control and thus ensures that the remote control switch 
over-rules tlie automatic control. Coloured pilot lights incorporated 
in the switch plate show the direction of rotation of the gear box 
both on “ automatic ’’ and “ remote ” control. To provide complete 
saftey the gear boxes arc designed to admit of hand control by a 
wire ro})c drive extended to the firing floor. This is possible by 
i incorporating in tlie gearing a friction clutch through which the 
electrical drive is done. Tlie hand control is at all times positively 
coupled with the outjmt spindle and the friction clutch slips as the 
hand gear is turned. The hand gear revolves whenever the valves 
are moved, whether* b}^ hand or electrically, and gives an indication 
of the valve iiosition. An indicator is provided at the control centre 
showing the valve position at any time. The temperature controller, 
the remote control swdtches and the hand gear are arranged on a 
(iontrol panel. Figs. 139 and 140 show diagrammatic arrangements 
of two schemes. Details lelating to one type of superheater are 
given : — 

Working (jonditions 

Fuel ...... 1 1.500 R.Th.U.'s ])(?r ll>. as liiod. 

Feed lomperatuj-e tu eeonoinjser . 250"^ F. 

( X )2 ill entering superheater . 14-5 per cent . 

( Jas weight entering superheater : 

J’a*onrnnical load . . . 224,000 11). per hour. 

Maximum load . . . 280,000 lb. per hour. 

Pressure dro}) through desuper- 

lieator and superlieater . . 10 lb. at 90,000 lb. per hour. 

40 lb. at 188,000 If), per hour. 

working steam pressure and tem- 

])oraturo at superheater outlet (325 Ih. ]).s.i. and 850' F. 

'J'ypo. ..... Singlc-jjass with multiple loo]> ele- 

monts, intermediate non -eon tact 
typo desuperhesater and automatic 
steam temperature control. 

Location ..... Behind front bank. 

Heating surface .... 7,500 sq. ft. 

Number of tubes 100 (60 primary, 40 secondary). 

External diameter of tubes . *11 
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7 I.W.G. 

120 ft. total length of steam flow per 
element. 

Metal to metal ball and cone. 

10 in. 
in. 

35 tons approximately. 

250 sq. ft. 

24. 

2 in. 

10 j.w.(;. 

4j tons approximately. 


ECONOMISERS 

An economiser is a form of feed heater, utilising the gases which 
leave the boiler and transferring part of the available heat to the 
feed water prior to its entry into the boiler drum. Fundamental 
laws of heat transfer decree that the gases leaving a boiler must be 
hotter than the water in the coldest part of the boiler. The actual 
temperature difference depends on a compromise between the licat 
wasted in rejecting flue gases at a liigh temperature, and the extra 
cost and the additional draught losses involved in providing addi- 
tional tube surface to absorb the maximum amount of heat. As 
pressures and temperatures rise, so does the minimum flue gas 
temperature which can be utilised until, with high pressure boiler 
plants, the loss would become exceedingly high. If the boiler feed 
water is already heated to a fairly high temperature by means of 
steam bled from a turbine the economiser may be unable to use all 
the waste heat and tlio inclusion of an air pre-lieater may be 
justified. 

Although recovery of heat is the primary duty of the ecionomiser, 
due regard must bo paid to various factors wliich present difficulties 
in attaining the desired objective. The gases leaving the boiler are 
dust-laden and deposition of dust on the heating suifacc reduces 
the transmission of heat. The rate of flow of feed water is far from 
constant wliilst the temperature is also variable and, further, steam 
may be generated. An economiser should bo designed and con- 
structed so that the heating surface prevents the accumulation of 
dust, the tubes expand and contract with freedom under all condi- 
tions without putting excessive strain on the joints, and any steam 
generated in the economiser should es(‘ape with tlic water to the 


Thickness of tubes 
Maximum length of tubes . 

Type of tube joint 
Internal diameter of headers 
Thickness of headers . 

Total weight of superheater . 
Desuperheater details : 
Cooling surface . 

Number of tubes 
External diameter of tubes 
Thickness of tubes 
'Fotal weight of desuperheater 
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boiler drum without causing water hammer. Whether an econo- 
miser should be included in a boiler is dependent upon the working 
pressure and the overall thermal efficiency desired. If a boiler of 
infinite heating surface is installed it could only cool the flue gases 
to the saturation temperature. 

Assuming a boiler pressure of 300 p.s.i. (gauge) then the satura- 
tion temperature will be 421° F., and this is the theoretical limit of 
the temperature of the exit gases. It is found uneconomical to 
work with temperature differences of less than 100° F., which means 
that the gases would leave the boiler at 621° F. 

Classes. Economisers for power station service are of two 
classes, namely, steaming and non-steaming. Both have been used 
and choice will depend largely on the feed-water temperature and the 
boiler pressure. If the turbines are bled to such an extent that the 
final feed-water temperature is raised to within a few degrees of the 
saturation temperature, it is apparent that no further heat can be 
added in an economiser unless a steaming economiser is used. The 
function of this economiser is to supply the boiler with a percentage 
of wet steam along with the feed water and a number of pipe con- 
nections are taken from the economiser outlet to the boiler drum. 
A saving may be effected m both capital cost of the boiler and build- 
ing with large steaming economisers. The construction and location 
of both classes of economisers are similar, the chief difference being 
that only one outlet connection is required on the non-steaming 
economiser. With a steaming economiser, boiler baffles are elimi- 
iiai^ed resulting in a reduction in draught loss and fan power. During 
intermittent feeding with cold feed (banked load conditions), tem- 
perature changes occur ai- the economiser inlet joints which may 
result in joint failure. Steaming economisers, evaporating 6 to 
7^ per cent, of the feedwater by permitting the feed temperature to 
approach the saturation temperature in the drum, obviate thermal 
contraction and disturbance to natural circulation. For large 
boilers the flash-welded continuous-loop typo gives freedom from 
bonded deposits with high-phosphorous coals. 

Design and Constructional Details. The heating surface is built 
up of a number of tubes arranged in groups, the number of tubes 
in each row, the length of the tubes and the number of groups 
depending on the peiformance required, also the layout of boiler 
plant. The gases flow in vertical paths between the tubes. Various 
tube arrangements are adopted and the illustrations show some of 
them. The flow of gases across tubular surfaces has received much 
attention and plain tubes assembled in straight line arrangement 
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with the gases flowing between the rows are not ideal, since the 
gases do not contact the top or bottom surfaces of the tubes. 
This surface therefore is no more useful than if the tubes were placed 
touching each other! The tubes may be staggered, but here again 
there are areas at top and bottom across which the gases do not flow. 
With these arrangements accumulations are built up on the tails of 
dust deposited in the “ dead ” areas which encroach upon the areas 
traversed by the gases. 

The staggering of tubes increases the resistance to gas flow with 
consequent increase in draught loss a^d if the gas velocity is reduced 
to minimise loss then the deposition of dust on the tubes is 
materially increased. The tubes are arranged with an extended 
heating surface, either in the form of a circular or ring-gill or alter- 
natively a special “ H ” section gill. The plain steel tube suffers 
from the corrosive action of sulphur present in the flue gases. 
The extended heating surface reduces the tubes required and the 
number of joints to be maintained. When tubes with extended 
surface in the form of circular gills are used only those portions of 
the gills which are in the flow of the gases form effective heat- 
absorbing surface. Portions of the gills can be omitted, leaving only 
the side sections, and the inert areas at top and bottom of the tubes 
can be prevented from accumulating dust. The extension of the 
portion of the gill remaining in the gas stream is desirable so it is 
given the form of a straight gill extending more than the full diameter 
of the tube. Such a gill has been developed by Senior Economisers 
Ltd. and is known as the Senior “ H ” typo gilled tube (Figs. 141 
and 142). When tlie tubes are assembled in straight vertical rows 
the gills and plates form straight continuous gas passages of uniform 
cross-sectional area. Plain surface gills are equally effective and 
are preferred to corrugated gills. The correct area of gas passages is 
of prime importance to avoid choking by heavy and hard deposits 
of dust. It has been suggested that the hydraulic mean radius 
or cross-sectional area of gas passage divided by the perimeter 
should not fall below 0*3 (calculated on the basis of inches) if choking 
is to be obviated. To ensure constant gas velocity the gas passages 
should be of uniform cross section throughout arid free from sudden 
changes in direction of flow. Any draught loss is then entirely due to 
friction. Uniform gas passages permit of higher gas speeds without 
increased loss and less deposition of dust. An economiser should be 
designed in accordance with the following : — 

(1) The gases should come into contact with 100 per cent, of the heating 
surface irrespective of gas velocity. 
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(2) Gas passages should be of uniform cross sectional area throughout 
their length to ensure constant velocity, 

(3) Gas passages should have a hydraulic mean radius of at least 0*3, and, 
as far as possible, be perfectly straight, to avoid gaa eddies and pockets for 
collecting dust deposit. 

To prevent formation of steam the outlet temperature of the feed- 
water should be maintained below saturation temperature corres- 
ponding to actual boiler pressure (about 50° F.). 



P'lo. 141. “ H ” Type Oilled Tube. (Senior Economisers Ltd.) 

A minimum inlet water temperature of about 100” F. is desirable if 
external corrosion of tlie tubes is to bo prevented due to condensation 
of steam contained in the flue gases at the cold end of the economiser. 
It is generally considered advisable to keep the temperature of the 
feed water to the boiler within about 75 per cent, of the saturation 
temperature and so prevent “ water hammer.” The lowest flue 
gas temperature to prevent a similar occurrence is about 300° F., 
depending on the sulphur content. The draught loss should be reason- 
able as the heat transmission factor depends on the velocity, i.c., a 
higher velocity results in a higher heat transfer factor. 

Q= k. A, MTj, 

where Q == heat transfer in economiser, B.Th.U. per hour. 

k = heat transfer factor, B.Th.U. per ft.2 per ° F. per hour. 

A = Heating surface area of economiser, ft.*. 

MTj^ = mean temperature difference, ° F. 
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The elements are of cold drawn seamless steel tubes on which 
special “ H section or circular cast iron rings are fitted. Those 
rings, in addition to protecting the steel tubes from the corrosive 
action of the gases, greatly increase the active heat -absorbing sur- 
face. In the “ H ” section type the gills are on the sides only and 
the tubes which are connected together are spaced so tliat the gills 


^ £SL_„.£^ ,i53L , 




Fi(j. 142. I’ttrt Sectional Elevation showing Hoadcra and Bends ot Heonan 
'IVin Tube Economiser. 


on each tube are in contact with the gills on the tubes above and 
below it, thus forming vertical gas jiassages between the vertical 
rows of tubes. The gilled pieces are manufactured in lengtlus oi‘ 
about 6 in. and are machined, a spigot being forihed at one end and 
a socket at the other. The boro is machined slightly smaller than the 
tube, so that when shrunk on to the tube a good metal- to -metal 
contact is obtained. The spigot and socket joint between adjacent 
gilled pieces prevents the gases attacking the steel tube at the joints. 
Senior Economisers Ltd. assemble their tubes in such a manner that 
each vertical row has connector boxes at each end, one above the 
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other, and into each of these boxes are expanded the tube ends of 
four elements. Those at one end of the economiser are divided in 
the centre to receive two tube ends in each half, whereas those at 
the other end are open for their full length, connecting the ends 
of four tubes. The connector boxes in the bottom and top rows at 
one end of the economiser are each connected by a steel bend to the 
inlet and outlet headers respectively. The water flows from the 
inlet header through a bend into the connector box with a division 
and then through t^vo tubes to the other end, where the connector 
box has no division, so that it returns through the two top tubes 
back to the second half of the divided connector box. At this point 
connection is made by a steel bend to the first compartment of the 
divided connector box above, so that water flows through the two 
bottom rows of this set of tubes, and so up through the economiser. 
Since there are bends at one end only, the other end is entirely free 
to expand and contract. The economiser is enclosed in a casing, 
made up of panels of convenient size consisting of two mild steel 
plates placed apart, the space between being packed with insulating 
material. For large units a pulley block is provided to facilitate 
handling of casing plates. Inspection doors are provided and special 
doors may be included to relieve pressure inside the economiser 
casing in the event of flue gas explosions. For very high pressure 
boilers a special all-welded construction economiser may be used* 
Typical details relating to one economiser are given : — 


Type-gilled 

Heating surface .... 17,440 sq. ft. 

Number of headers . . .2. 

Diameter of headers . . 6^ in. externally. 

Thickness of headers . . . f in. 

Number of tubes .... 308. 

Diameter of headers . . 2 in. externally. 

Thickness of tubes . . . .5 I.W.G. 

Length of tubes . . ' . . 20 ft. 2 in. 

Total weight of economiser . .130 tons, with water. 


The following details refer to a similar economiser : — 


Economiser safety valve 
Evaporation of boiler . 

Weight of gases . 

Temperature of gases entering 
economiser 

Temperature of gases leaving 
Temperature of water entering 
economiser 


876 lb. p.s.i. 

. 160,000 to 187,600 lb. per hour. 

. 243,000 to 302,000 lb. per hour. 

. 736® to 806® F. 

. 387® to 421® F. 


260® to 266® F. 
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Temperature of water leaving , 381® to 407° F. 

Draught loss through economiser . 1-20 to 1-91 in. W.G. 

Water pressure loss . . . 6*0 to 9 0 lb. p.s.i. 

Temperature of saturated steam . 631° F. 

AIR PREHEATERS 

As boiler pressures increase it becomes less possible to extract 
the heat from the flue gases in the economiser because feedwater 
heating prevents the economiser fulfilling its primary function and 
the gases have to be cooled to an economical temperature by heating 
the combustion air. 

Air preheaters are necessary to preheat the air required for 
combustion, the heating medium being the flue gases leaving the 
economiser. The use of preheated air assists early gasification and 
ignition of the carbon and promotes high furnace temperature. 
The final temperature of the air will depend upon the method of 
firing and classes of coal. For pulverised fuel firing air temperatures 
of 450® to 660° F. are possible, whereas in stoker-fired boilers the 
maximum permissible temperature would be about 400° F.> though 
in practice temperatures of 260° to 300° F. are more usual for chain 
grate stokers. Preheated air is a necessity with pulverised fuel 
firing, a decided advantage to stoker-firing and is the only simple 
means available for the reduction of the final fluo-gas temperature. 
The value of the preheater is especially evident where low-grade 
fuels are used. Air heater surface is much cheaper than equivalent 
economiser surface, but the extent to which the latter can be replaced 
by the former depends upon the permissible temperature at which 
the gases enter the air heater. 

Types. There are four types of heaters : — 

(1) Tubular. 

(2) Plate. 

(3) Rotary or regenerative (with serrated, plain or needle elements). 

(4) Tubular — needle or gilled. 

In the tubular heater the air is passed across the tubes and the 
flue gases pass through the tubes or vice versd. Cleaning is easier 
when the gases pass through the tubes. The rate of heat transfer is 
low and the space occupied is generally prohibitive. This type of 
heater may be used with high temperatures. Tubular heaters with 
cast-iron tubes at the low temperature end to minimise corrosion 
may be used. Trouble is experienced in cleaning long tubes and there is 
an added disadvantage in that considerable space is necessary for with- 
drawal of the tubes. To overcome this difficulty on large units 
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they are frequently arranged in two sections or groups. Aluminium 
alloy tubes have also been used. The plate typo was very popular 
until the rotary heater was developed. The gilled or needle type of 
heater is also in use. The tubes are of cast iron, the gases passing 
through plain tubes and the air over the pointed gill surfaces. 

Design and Constructional Details. Whatever type of heater be 
ad()])ted it should have a high thermal efficiency, be reliable, require 
little maintenance, occupy small space, be accessible, and bo reason- 
able in first cost. Heaters are simple pieces of equipment and pro- 
viding they are operated in accordance with boiler conditions 
obtaining, and maintaiiuid in good order, very little trouble will be 
cx]Jorienced . Leakage between the gas and air sides should be a 
minimum. 

High dew-point temperatures are responsible for repeated 
heavy deposits with consequent choking and corrosion. Pulverised 
fuel boilers are not so prone to this trouble the larger percentage 
of ash dust in the flue gases maintaining lower dew-point tempera- 
ture's and also combustion is more complete. Fly -ash from these 
boilers is usually lower in sulphur content than that from stokers. 
It is possible that the higher metal temperatures (boiler and super- 
heater tubes, etc.) over which the flue gases pass on their way to 
the chimney may be responsible for these higher dewpoints now 
obtaining. 

It has been suggested that if the gases flow into the regenera- 
tive heater from the top, choking and corrosion are reduced, but in 
j)ractic!e iio difference is found from that which is obtained with the 
gases enlerijig from below. An advantage is that with the 
cold end at the top any deposits removed by soot blowing will be 
immediately carried away from the heater. With the cold end at 
the bottom the heater gasses would be subject to the passage of the 
displaced deposits. With the gas flowing downward tlirough the 
heater the momentum of the dust particles may prevent sticking 
to the plates whereas in moving upwards there is a greater tendency 
for them to adhere to the plates. 

The plate type consists essentially of an assembly of hollow 
leaves electrically welded to ensure gas tightness the contra-flow 
principle being used. The gases flow along the outsides of the leaves 
and the air to be heated is forced through the leaves. Trouble 
was experienced with this type due to choking and corrosion of the 
gas paths, this being due to heater operating under dew-point 
condition of the gases. Choking and corrosion took place at the 
gas outlets but this was overcome by making the gas passages not less 
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than I in. wide whilst the plates were made of copper bearing steel 
and recirculation of hot air was introduced. 

For dew-point considerations it is desirable that the temperature 
of the inlet air to the preheater should be not less than 130° F., this 
being achieved by recirculating air from the preheater discharge 
to the forc^ed draught fan inlet . 

A small lieater may be placed in series witli the main heater so 
that if replacement of the cold end of tlie lieater is necessary the 



Kjtj. 1 4:r Two Hori/x>ntal SlialX Hotiiry Air 
(J. Tlowclcn iV (\). Lt(i ) 

major portion is not disturbed (Fig. 1 10). Tlie stoainiug econojniser 
is followed by a secondary ])relicater, then a first stej) economiser 
and a primary preheater. Calculations show that to reduce the flue 
gas tcmj)erature to the low figures sj)ecified recpiircs such a combina- 
tion. This type of heater luvs no moving parts," is very simple in 
construction and can be placed either below or adjacent to the 
economiser. For large boilers the heater may be divided into 
two or moie sections, dampers and by-pass ducting being provided. 

The rotary or regenerative type is popular for large boiler units 
and is known as the Howden-Ljungstrom heater. It is built up of 
a slowly revolving drum containing thin corrugated slieet metal 
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members offering surfaces to be heated by the flue gas. The heated 
corrugated plates are revolved for half a turn and are then exposed 
to a stream of cold air, the air absorbing the heat retained by the 
elements. By this process the heat in the flue gases is partly 
recovered and returned to the furnace. It acts as a continuous 
regenerator and heat transfer takes place in pure contra-flow. The 
heating elements are made of mild steel sheets kept at a fixed 



Fic. 144. “ Usco ” Patent Uniform Flow Air Heater — “ S ” Type. 

(International Combustion Ltd.) 

distance from each other. They are partly or entirely corrugated 
or undulated to give a turbulent flow of the gases and air and can 
be vdthdrawn from the rotor. The thickness of the elements is about 
22 S.W.G., and it has been suggested that a minimum spacing of 
J in. should bo allowed to ensure long uninterrupted working periods. 
The sections of elements are of such size and weight that they can bo 
handled without the aid of lifting gear, access doors provided in the 
casing permit of this being done. Arrangements are incorporated 
for adjusting clearances and the casing is lagged to suit temperature 
conditions. The rotor is divided into a number of sections (usually 
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twelve) by means of radial division plates, each section being filled 
with elements. Radial sealing strips are attached to these division 
plates to reduce leakage. The driving rack is welded to the rotor 
shell and the rotor revolves at a speed of about 4 r.p.m. By-passes 
are included to adjust air temperature to suit combustion conditions, 
or for use when starting from cold or running at light loads when there 
may be some risk of dew deposits, choking and corrosion. Vertical 
and horizontal preheaters are made and two heaters are used on 
large boilers. The advantages of the rotary heater are : compact- 
ness, occupies small space, accessibility and reduced weight. Against 



Fio. 145. Air Heater with Prunary and Secondary SectioriH. 


these it has moving parts, leakage cannot be entirely eliminated and 
auxiliary power is required. Figs. 1 45 to 147 show some usual layouts. 

With regenerative heaters the usual method of raising the 
minimum heating surface element temperature at the cold end to 
avoid or reduce deposit or corrosion is by air by-passing. On the 
recuperative heater, with its wide gas and air inlet openings, it is 
usual practice for air recirculation to be used to bring the air inlet 
temperature slightly above the anticipated dewpoint of the flue 
gases to afford protection against local cold spots in the heating 
surface at the air inlet end should air at high velocity be passing at 
one side of the tubes or plates, and gas at low velocity at the other. 
Where this condition occurs, locally, in any recuperative heater, the 
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plate teni|>erature tends towards tlie air temperature and may fall 
almost to that figure, so that raising the air inlet temperature to 
the expected gas dewpoint by means of air recirculation gives 



protection against the worst possible condition of distribution across 
the preheater air inlet. 

With the regenerative air preheater, all the element plates in 
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turn rotate through the streams of gas and air and are all subjected 
to substantially similar conditions, so that the minimum element 
temperature is uniform over ali sections of the heating surface ; it 
can be estimated with reasonable accuracy, and during design be 
kept at a suitable level. Air recirculation can then be dispensed 
with, and air by-})assing, which is simi)ler, more flexible, and usually 
more effective method of control can be used. 

For flue gases with normal dewpoint, there is little difference 
economically in the two methods of control. Air recirculation has 
to be paid for by increased F.ll. fan power owing to the larger air 
volume ajid higher air side resistance of the preheater, and air 
by-passing by increased flue gas loss following the raised gas outlet 
lem)KU’atur*e. With worsening flue gas conditions requiring greater 
increases in pcrjuissible plate temx>erature, air by-passing becomes 
more favourable than air recirculation. This is x)artly for the reason 
that increased air flow rate through the xaeheater with air recircula- 
tion increases the air side transfer coefficient, vliich lowers the 
elen)ent tenq)erature level, counteracting to some extent the increase 
in minimum })lalc temperature expected from the raised air inlet 
temperature. With air by-passes the coinerse is true. Reduced 
air side flow jate reduces the air side transfer coefficient, raising 
the plate temj)erature level, and thus augmenting the rise in element 
tem])erature resulting from tfio iiuTcased cool end flue gas tempera- 
ture (i<ee Steam Engineer, March and April, 1952). 

Typical details relating to air heat(^rs are given - 


1 


'I'y i)f 

Rotary 

1‘late 

Number j)ej’ lioih'r ..... 

2 

1 

Heating surface ..... 

(i,r>oo s<(. It. 

18,900 sq. ft. 

Drauglit loss : Air N.F.U. 

i r>0 in.W.G. 

1-55 in. W.G. 

M.C.R. . 

2-20 

2-20 „ 

Gas N.F.R. . 

1-60 

1-25 

M.G.H. . 

2- 20 

200 

Material of ulcnients .... 

Mild stet'l 

Mild steel 

Tliickness of (‘Icinents .... 

22 S.W.G. 

12 S.W.G. 

Thiirkiiess of casing. .... 

iin. 

^in. 

Total weight . 

13 tons^ 

49 tons 


Chain Grate Stoker. Two rotary lujators. Operating conditions at normal 
load are : — 

Gas ill . . 460** F. Air in . . 80° F, 

Gas out . 240° F. Air out . . 344° F, 

Boiler capacity 160,000 lb. per liour. 
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Retort Stoker. Two rotary heaters. Operating conditions at normal 
oad are : — 

Gas in . . 612° F. Air in • • 60° F. 

Gas out . 240° F. Air out . . 400° F, 

Boiler capacity 260,000 lb. per hour. 

Pulverised Fuel. Two rotary heaters. Operating conditions at normal 
load are : — 

Gas in . . 512° F. Air in . . 96° F. 

Gas out . 270° F. Air out . . 410° F. 

Boiler capacity 250,000 lb. per hour. 



Boiler capacity 187,500 lb. per hour M.C.R. 


Chain Grate Stoker. 

Type of heater . 

Heating surface . 

Gas quantity entering 2 prehoater.s 
Gas quantity leaving 2 preheaters 
Air quantity entering 2 preheaters 
Air quantity leaving 2 preheaters 
Gas temperature entering preheaters 
Gm temperature leaving preheateis 
Air temperature entering preheaters 
Air temperature leaving preheaters 


Rotary. 

7,800 sq. ft. each. 

246.000— 306,000 lb. per hour. 

268.000 — 334,000 lb. per hour. 

231.000 — 289,000 lb. per hour. 

209.000 — 261,000 lb. per hour. 
386°— 420° F. 

250°— 274° F. 

90° F. 

249°— 261° F. 


Draught loss through preheaters ; — 

Flue gas side . . 1*1 — 1-6 in. W.G. 

Air side .... 0*9 — 1-4 in. W.G. 


Figs. 148 and 149 show the temperatures of flue gases through 
the different sections of heat-transferring units. 
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Fio. 149. Temperatures of Flue Gases as they Flow through the 
Heat-transferring Units. 
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MECHANICAL DRAUGHT PLANT 

The mechanical draught plants associated with large boiler units 
are important sections of the auxiliary equipment and much atten- 
tion has been given to their design, construction and layout. Large 
boiler units have high rates of heat release and since the speed of 
(combustion is almost entirely dependent on the relative velocity 
between the fuel, air and gases, the combustion process is controlled 
by the method in which the air is introduced and by the speed at 
which the mixing takes place. High air and gas velocities throughout 
the various positions of the boiler are desirable. 

The velocities through the different passes vary for each boiler 
and the following relate to an 80 k.p.h. boil4P — 


Flue Gas Temp. "K. 

Velocity ft. /min. 

320 

. 1,880^ 10 2)er cent. COg ; velocity 

340 

1,940 > measured at base of 

360 

1,980 J chimney (28 ft.^). 

320 

. l,580l 

340 

. 1,630 > Ditto 12 p(u* cent. COg. 

360 

. 1,670 J 


A gas velocity of between 20 to 35 ft. per see. appears to be usual. 

The following figures refer to a 200,000 lb. /hr. boiler : — 

Boiler tubes . . . 1,000 ft. /min. gas velocity. 

Superheater tubes . . 1,500 ,, ,, 

Economiser tubes . . 2,500 ,, ,, 

The draught on the boiler is dependent upon the speeds of the 
forced and inducced draught fans, which can bo hand-regulated 
to suit any quahty of coal or rate of combustion. The resistance 
to be overcome by the fans has increased together with the boiler 
capacity and the power consumption of the fans is such that fans 
having a high efficiency, over the range of output are essential. 
To produce a given static head a certain peripheral speed is required 
which may be attained by using a small fan to run at a high speed 
or a large fan to run at a low speed. High speeds result in the use 
of smaller fans and motors but consideration should be given to 
supporting stniclure and bearing design. Fig. 150 indicates a 
typical boiler draught system. 

Pressure Firing. In this system of firing the induced draught 
fans are omitted but the forced draught fans are of considerably 
greater power, so that the combustion chamber operates under an 
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appreciable air pressure instead of atmospheric, or a slight vacuum. 
The advantage lies in the elimination of fans handling hot and dirty 
gases and the simplification of ducting. The overall fan power is 
reduced since the forced draught fans do all the w^ork and handle 
cool air at a high specific volume. Problems arise in connection 
with inspection doors, ash removal and other openings. 

In one American station a 1,340 k.p.h. pulverised fuel boiler has 
been designed for pressuT*ised firing. This was chosen to secure a 
tight casing with the attendant freedom from excess air infiltration 
which a boiler of this type must have if it is to operate satisfactorily 
indoors. By eliminating l.D. fans it is possible to offset the higher 
cost of the boiler casing and the liigher cost involved in installing this 
casing. Each boiler has two F.D. fans each delivering 300,000 ft. 
of 80^ F. air with a discharge pressure of 42 in. W.G. 

Classes of Fans. Fans for draught plant services are : — 

(1) Forced draught. 

(2) Induced draught. 

(3) Secondary air. 

(4) Primary air. 

(6) Exhauster. 

The terms “ Forced ” and “ Induced as applied to fans for 
draught plants designate the relation wliich they boar to the com- 
bustion chamber or fuel on the grate. Forced draught fans draw 
in air from the boiler house, discharge it through the air heaters to 
the wind box under the stoker or to the burners and coal drying 
system in a pulverised fuel boiler. Induced draught fans create a 
suction and in so doing draw the gases tlirough the boiler passes, 
economiser, air heaters and gas cleaning plant and on to the chimney. 
The regulation of both forced and induced draught fans is balanced 
so that the static depression in the combustion chamber is kept at a 
minimum to reduce the infiltration of cold air. A condition of 
“ balanced draught ” exists when the pressure immediately above 
the fuel bed on the grate equals atmospheric pressure, this being 
obtained by regulating the fan speeds so that the forced draught 
fans supply a pressure just sufficient to force the air through the fuel 
bed while the induced draught fan creates a suction to enable the 
gases to be drawn through the heat-transferring units. The volatile 
content of the fuel is given off some distance from the nuain or 
primary air supply and unless there is turbulence and a sufficient 
supply of air in the combustion chamber, combustion will be incom- 
plete. The escape of unbumed gases results in loss of efficiency and 
smoke emission and secondary air may be necessary. 
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To produce turbulencse the secondary air fans discharge the air 
at high velocities to obtain a sufficient depth of penetration into the 
gas stream. Preheating the secondary air to a high temperature 
facilitates combustion. The secondary air is taken from the main 
air ducts on the outlet sides of the air heaters and discharged by the 
fans into nozzles provided in the front and rear combustion chamber 
walls. Primary air and exhauster fans are used for pulverised fuel 
boilers. 



Design and Constructional Details. Fans are constructed in 
three distinct types, namely, the backward curve blade, radial blade 
and the forward curve blade. The classification of fan types applies 
to the direction of the blade surface at the delivery edge and will bo 
understood on referring to Pig. 151. The inner edge or “ heel,” 
where curved, should always be inclined forward to reduce the 
entering shock. The shape and form of the fan characteristics 
depend chiefly on the design of the fan blades. The choice of type 
will depend primarily on whether air, flue gases, grit or pulverised 
fuel has to be handled. Forced draught fans handle cold clean air 
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and the design need only be such as to provide for high speed, high 
efficiency and a maximum of reserve pressure for a given air 
quantity. The backward curve blade meets these requirements best, 
as with this type the pressure -volume characteristic is steep rising 
and the static efficiency is very high. This type of fan also has the 
advantage that the power consumption reaches a maximum which 



Fig. 16]. Types of Fan Blades. 


cannot be exceeded (Fig. 162). This facilitates the selection of the 
driving unit since no damage can be done to the motor, with the 
fan discharging its maximum volume, if the actual system resistance 
turns out to be lower than that for which it was designed. The 
backward curved blade requires a higher peripheral speed for the 
same head than other types and is suited for parallel operation. 
Induced draught fans handle gases containing soot and dust which 
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estimated with care, due allowance being made for dirty conditions 
of boiler plant and range of firing. An additional 10 to 30 per c^ent. 
should be added to the capacity and static head of the fan. 

It is usual to install two forced and two induced draught fans, 
each fan being designed to handle 60 per cent, of the total volume 
of air or gas. If secondary air fans are included they may take up 
to 20 per cent, of the total air required for combustion from the 
main hot air ducts and boost the pressure sufficiently to give the 
requisite draught at the nozzles in the combustion chamber walls. 

The bearings of the induced fkaught and secjondary air fans are 
water cooled. Self-aligning bearings with spherical seating to 
minimise wear oh the sleeves arc used for large fans, but small 
fans have ball and roller type bearings. The fan casings are split 
either in the horizontal or vertical planes, or both, depending upon 
the size of the fan, to give access to the impeller. This also permits 
the removal of the impeller and shaft without disturbing the align- 
ment of the bearings. Leakage between the wheel and casing at 
the inlet is reduced to a niinirnmn, and that between the shaft and 
the casing is eliminated by a sealing arrangement. Inspection doors 
are also included. Some of the troubles met in fan installations are 
(1) deposits on blades ; (2) jutting and erosion of blades : (3) knife 
edging of blades due to sandblasting by grit particles ; (4) distortion 
of blades ; (5) fan casing distortion ; (6) driving shaft too small in 
diameter ; and (7) inadequate bearing surfac^e and cooling for the 
temperatures obtaining. The following formulae are useful in 
connection with fans : — 


where 


Quantity or volume a si)eed. 

Pressure or static head a speed-. 

Output or B.H.P. a speed 

B.H.P. -- 

33, 000 . Fe. 0 

Q = volume of air discharged in ft.^ per minute. 
H = pressure at discharge in. AV.(i. 

Fe == fan efficiency' j)er cent-. 


Air entering forced draught fan at 100° P. (see also Chapter IT, 
Boiler House) has an absolute temperature of 560° F. and gas 
leaving air heater at 300° P. has an absolute temperature of 760° F. 

760 

Volume of gas leaving heater is •— or 1-36 times that of the air 
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entering forced draught fan. As the volume of a gas increases the 
weight per cu. ft. decreases, and the weight of the same volume of 
gas is inversely proportional to its absolute temperature. 

The speed of the same fan necessary to handle the same weight 
of gas is directly proportional to the absolute temperature of the 



Fia. Jr>3. I.D. i’an with Vane Control. Vanes shown in closed and open 
positions. (tT. Howden & Co. Ltd.) 

gas. Jf the absolute temperature of a given weiglit of gas be 
doubled, the volume is doubled and the fan anust run at twice 
the speed. Pig. 163 shows induced draught fan fitted with vane 
control. 

Draught Control. With the difference in the performances 
required of the fans on the air and gas sides, it is desirable that with 
any system means must be provided for the individual control of 
each fan. When two forced and two induced draught fans are 
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necessary for each boiler then it is essential that accurate control 
be provided to ensure good parallel operation. Electrical drive 
is now almost universally adopted. There are three chief methods 
of obtaining draught control : — 

(1) Fans driven by constant speed motors, control being obtained by 
dampers. 

(2) Fans (iriven by variable spoed motors or by hydraulic coui*)lings if 
constant sj^oed motors be used. 

(.‘j) Fans driven Vjy constant or variable speed motors, the fans being 
])rovided witli inlet vane control. 

Damper Control. This is a simple, cheap and reliable method of 
draught (jontrol sihee the dampers ai-e robust and a squirrel cage 
“ direct on line ” motor can be used. With a fan driven at constant 
speed, the suction or discharge jiressure develojied is a definite 
function of the volume given by the constant speed characteristics 
of the fan. The pressure required for volumes smaller than the 
design duty will, in most cases, he less than the design j)ressure. 
The difference between pressure corresponding to the constant 
speed (diaractorisiic and that re(|uired for the smaller volume has 
therefore to be used up by additional reistance in the system, such 
as an adjustable damper. There is thus an unavoidable loss of 
energy at low outjiiits which makes this method inefficient. 

Variable Speed Fan Drives. In control by syjeed varia-tion the 
fans are driven by variable speed motor although steam turbines 
(;au he used. Tlio motor may be of the slip-ring a.c., d.c. shunt 
(usually compounded) or a,.c. commutator type. Much will depend 
upon the station auxiliary su])ply system particularly regarding 
the use of d.c. auxiliaries. C/ommutator motors have proved 
cpiite satisfactory for fan drives even in pulverised fuel installations. 
These motors, both a.c. and d.c., have a good efficiency over a 
wide range of sj)ecd and load, but are cxy)ensive. Variable speed 
may also ho obtained by using a constant speed nuffor and hydraulic; 
coupling. Hydraulic couplings require more space and are addi- 
tional ])lant to be maintained. Many combinations are possible to 
obtain the desired degree of sj>eed regulation. 

The fan pressure varies as the square of t he speed, and the volume 
delivered is in direct proportion to the speed, the fan pressure- 
volume characteristic becoming flat as the speed is reduced. There 
is tendency for unstable operation at reduced loads when two fans 
discharge into a common system. The power required to drive a 
fan is proportional to the cube of the volume, so that speed variation 
is an economical method of controlling fan output, from the point 
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of view of driving power. The fan horso-powcr should not be con- 
fused with the energy input to the driving unit. If the efficiency 
of the motor at reduced speed and load is considered it will bo found 
that the energy input to tlic unit does not fall off in proportion to the 
fan B.H.P. Speed variation has the opposite effect on the pressure- 
volume characterist ic of a tan to tliat of vane control. 

Vane Control. This consists of a set of vanes at the fen inlet, 
the fan being driven by a single- (^r two-s})ee(l squin-el-cage motor. 
The operation of the vanes is by means of a small motor-driven 
controller and the output is conti'olled by (Jianging the constant 
speed characteristics of the fan so that it j)asses through the desii’ed 
working point. This is attained by c^rcatiug and varying at the 
fan inlet, a swirl in the direction of rotation and coiu^entric with the 
fan impeller. A set of pivoted vanes at the fan inlet enables this 
to be done. Closing tlie vanes reduces the volume handled, and 
increases the intensity of swirl. The ii\(*rcased swirl reduces the 
total head develo 2 )ed and thereby reduces the power absorbed. 
For each position of the vanes, new constant vspeed charac^terislics 
are obtained. As the vanes are closed, the pressure -volume curve 
becomes more steep and the conditions for stable oi)eratiou are 
improved, a change in the system resistance having little influence 
on tlie output of the fan. This is desirable when feus work in ])arallel 
on a common system and share the load equally or to give correct, 
distribution in the boiler. Whilst good results arc obtained with a 
single-six^cd motor, vane control shows even bettor results with a 
two-si^eed squiirel-cage motor. With tuo-speed motors it is found 
that the normal load and a little njore may be carried on the lower 
sjieed whilst at the higher speed the fen has ampk^ (tapacity to deal 
with overloads and abnormal (jonditiojis. Two running s 2 >eods 
have advantages in that the effitneiicy of both the fen and motor 
at normal load are iugh and for nonnal oj)eration the unit runs at a 
lo\^'e^ speed. The vane inechanisjji can be airangt^d for fens wdth 
either scroll or open tyjx inlets. Fans with tiic s(irf)ll tyjie of inlet, 
have fixed vanes in the scroll to distiibute the gases uniformly into 
the fan impeller. Of)en inUd. fens luwo vanes arranged radially in an 
extension to the inlet. Power input curves i‘oy various drives are 
given in Fig, 154. 

Air and Gas Ducts. The anangeiuent of the air and gas ducting 
and dampers will be governed by the layout of the fens, air heaters 
economisers and chimneys. Some idea of the cross sections of the 
ducts for a boiler of 190,000 lb. 2 )er liour steaming capacity will 
be gathered from the following : — 
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Fig. 154. Power Input Curves for Various Types of Drives. 
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Air ducts . 7 ft. 0 in. x 3 ft. 9 in. inlets to stoker wind box. 

6 ft. 0 in. X 3 ft. 6 in. inlet to fan. 

(2 fans per boiler.) 

Gas ducts . 11 ft. 0 in. x 4 ft. 0 in. discharge to chimney. 

8 ft. 6 in. X 3 ft. 6 in. economiser discharge. 

9 ft. 0 in. X 3 ft. 11 in. gas inlet to air heater. 

(2 fans per boiler.) 

Sharp bends should be avoided and it may be necessary to provide 
guide vanes to reduce pressure losses and keep the motor power 

Ui¥n£/f 



Fig. 165. Air Circuit — Stoker-fired Boiler. 


within reasonable limits. The forced draught fan inlet may be 
taken from the top of the boiler house, thus increasing the overall 
efficiency slightly, cooling and ventilating the building, and obtain- 
ing the most even temperature possible in the air supply both in 
Winter and Summer. 

The ducts for both air and gas are of steel plates in. thick 
stiffened, supported and made perfectly airtight. Gas and hot air 
ducts are of the double plate type, the inner plate being ^ in. thick 
and the outer “i- tlffck- The space between the inner and outer 
plates is filled with heat insulating material such as glass silk, 
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asbestos and silica. Some sections of gas and hot-air ducts may be 
insulated internally and externally. The internal lining serves to 
resist corrosion and erosion and it is ncjt subject to injury 
when gaining access to other items of plant. Block slag-wool 
insulation lias been used on flat surfaces. Plastic insulating 





Fig. 156. Gas Circuit — Stokor-firod Boiler. 


composition reinforced with wire netting secured to the casing and 
finished off with hard setting composition lias also been used. Glass 
silk insulation of 2 in. thickness (depending on position) used on 
stoker and pulverised fuel installations gives good results. Expan- 
sion and contraction should be allowed for by the inclusion of 
bellows pieces in the ducting. Sliding joints have been used and 
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appear to be satisfactory. Panelling of the lagging on duct- 
work prevents cracking of the hard setting cement^ caused by 
temperature and vibration. Casing plates of handable sizes are 
preferable and access doors should bo included to facilitate 
cleaning. To prevent accidents, safety platforms are necessary 
at all dangerous changes in levels of the ducts. Platforms of 
f in. diameter rods at 9 in. centres are suitable. Fan inlets 
should have an expanded metal screen to prevent the ingress 





Fig. 157. Air Circuit — Pulvcriaed Fuel Boiler. 

of materials and minimise danger to attendants. It is necessary 
to include pyrometer and di*aught points of measurement and an 
advantage to include a check point at each pyrometer connection. 
The check point connections should have a screwed cap attached 
to a chain. Typical diagrammatic layouts of gas and air 
circuits for both stoker and pulverised fuel boilers are shown in 
Pigs. 155 to 158. 

Layout of Draught Plant. The layout of tliis plant depends 
primarily in the arrangement of boiler, economiser, air heater and 
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chimney. Various layouts are to be found in practice, some of which 
are : — 

All fans at basement level. 

All fans at operating floor level. 

All fans at roof level or at an upper floor level. 

F.D. fans at roof level and I.D. fans at operating floor level. 

I.D. fans at roof level and F.D. fans at basement level. 



Fia. 1 58. Gas Circuit — Pulverised Fuel Boiler 


The secondary air fans 
are arranged in the most 
convenient positions havmg 
in mind the requirements of 
space and routes for hot air 
ducts. Fans at operating 
floor level are better from an 
operation point of view, but 
may result in a crowded lay- 
out unless floor space is avail- 
able. Fans at operating floor 
and basimiont levels facilitate 
inspection and maintenance 
of motors, fan runners and 
equipment. If the I.D. fans 
are placed on an upper floor 
it is necessary to eliminate 
any possibility of back- 
draught during banking con- 
ditions for cases are on record 
where gi’alos (both chain and 
retort) have been severely 
burnt from this cause. To 
overcome this, large doors 
are provided in the wind box 
or ducts leading from it 
which can bo opened during 
banking. An alternative is 


to run an I.D. fan at low 


speed, but this increases the works auxiliary power. 

Wherever they are situated, lifting and transporting gear should 
be provided. With fans placed on the roof or an upper floor, large 
open wells will be necessary and the methods of transporting the 
auxiliaries in case of replacements becomes a point of importance. 
Goods lifts are able to handle reasonably large and heavy loads. 
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Consideration must also be given to the layout of draught plant 
in so far as it affects the design and construction of the boiler 
house building. Much time can be saved in the early stages of 
construction if a layout which is independent of the building 
frame-work can be obtained. If vanes and dust collectors are 
fitted to the fans the control gear and operating valves should be 
disposed to permit of easy access for operation and maintenance. 
Control of F.D. and I.D. fans is carried out from panels on the 
operating floor. 

A feature of importance is the layout of the I.D. fans in relation 
to the flue gas cleaning and washing plants. The fans are placed 
after the dust precipitators and arresters to reduce blade erosion or 
sand blasting. Abrasion resisting materials have been developed for 
fan construction. Vitrified steel plate resists erosion but it is rather 
expensive. The benefit derived by placing the fans after the dust 
arresting plant will be gathered from the following case : — 

Fans placed before electrostatic precipitators — blades required replacing 
after two years. 

Fans placed after electrostatic precipitators — blades lasted indefinitely. 

When flue gas washing plant is installed the fans are situated 
between the outlet of the sulphur extraction plant and the chimneys 
and are self-cleaning. This position also brings about a considerable 
saving in power due to the drop in temperature of the flue gases. 
Some objections to the fans being on the outlet side of the extraction 
plant are : — 

(1) Corrosion of the fan impellers and casings due to the moist atmosphere 
of the flue gases. 

(2) Attack from the chemical action arising from the process. 

(3) Deposits on the impellers when the gas temperature approaches the 
dew-point. 

Self-cleaning fans are desirable since they are subjected to a 
carry-over of fine wot particles together with minute particles of grit 
which tend to adhere to the impellers, causing out-of-balance. Jots 
and sprays in the fan casing keep the impellers free from deposijbs 
of grit, etc., but out-of-balance still occurs after long periods of 
operation. It is also found that the carry-over is both erosive and 
corrosive and in due course attacks the impellers and spray nozzles. 
Rubber-covered impellers haye been tried, but the methods of 
attaching the rubber are not too successful. Wearing strips with 
beads welded across the face have been welded to the blades at the 
centre plate, where most of the wear is found to concentrate. 
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FLUE GAS CLEANING AND DUST EXTRACTION PLANTS 

The subject of flue gas cleaning has become a problem of prime 
importance in tlie design of large power stations. A station in or 
near a city or large residential area must not be a nuisance, par- 
ticularly insofar as the discharge of soot, grit and sulphur from 
the boiler chimney is concierned. However, the mere fact of placing 
a station in the country does not exempt it from this condition, 
since much damage could be done to agricultural crops, etc. There 
are on record claims which have been made against electri(^ity 
undertakings for such damage ; on the other hand, crops liavc been 
improved on land in the vicinity of power stations. The discharge 
of soot and grit alone would be an intolerable nuisance with stations 
burning from 2,000 to 7,000 tons of coal per day. 'I’he emission of 
grit from power station (diimneys may be due to a combination of 
many circumstan(*es including overloading of boilers, workijig boilers 
for long periods in a dirty condition, using unsuitable coal, very low 
chimneys, incorrect firing and inefiicient operation of grit-arresting 
plant. An undertaking may, during emergency conditions, be 
obliged to operate a station jit its maximum c;apacjty for long 
uninterrupted periods and may have no control over the coal burned 
or selected. Pulverised fuel plants may give cause for annoyan(^e 
if the precipitators trip out even for very short periods. It has 
beem knov n for the surrounding j)roperty to be covered with a fine 
dust and when 7’ain falls this quickly be(^omes sludge. 

It may be possilflo to improve the quality of the coal and make 
arrangements to segregate the various classes of coal so that they 
may b(j identified on arrival at tho station and used acjoordingly. 
Separation of t he high and low volatile coals and the better blending 
of th(5 many variet ies comprising eacdi of tluisc classes will also assist 
in this direction. It would appear that the treatment of coal at the 
mine would he most desirable and effective. The washing of flue 
gases to nuHit the requirements of the local health authorities has 
been largely responsible for the developments of some ingenious 
cojnbinations of mechanical, electrical and chemical engineering. 
In one instance the limits specified were that the gases leaving the 
chimneys should not contain more than ()-()3 grain of sulphur per 
cubic foot. The gas washing schemes in operation at the present 
time for the removal of sulphur depend on the use of some form of 
alkali and in which some solid residue is produced. The alkalis 
required for the process exist in river water, and if sufficient river 
welter is available they can be readily obtained . It is doubtful wdjcther 
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any of our rivers have sufficient water to enable this being done for 
a large station. In any case the effluent produced in its present 
state could not be discharged to a river, as river authorities usually 
stipulate that under no circumstances must reducing matter enter 
a river. Flue gas washing has been applied to a number of basp-Ioad 
stations and satisfactory results are being maintained. Every 
endeavour is made to utilise coal with a high calorific value and a 
sulphur content exceeding very little more than 1 per cent. In one 
station the efficiency of the plant will be a)3prociated from the fact 
that instead of the guaranteed figure of 0 03 grain of sulphur being 



Fig. 159. Filter Plant in connection with Flue (^as Washing Plant, 
Battersea Power Station. 


obtained it is generally as low as 0*006, whilst only mere traces of 
dust less than 5 microns in size arc discharged with the gases to the 
atmosphere. Pipes, tanks, pumps, etc., arc lined with rubber to 
prevent damage from corrosion and erosion. Special chrome steel 
impellers appear to give better service than those covered wdth 
rubber. A filter plant is illustrated in Fig. 150.^ The testing of flue 
gases for sulphur content is important and a suitable instrument 
has been developed which records the percentage of SO 2 in the 
chimney gases continuously over twenty-four hours. The dry 
sulphur extraction process has not yet reached the (ommercial 
stage but research is still proceeding in this direction. The flue 
gas washing plant of the oil-fired station at Banksidc is of interest. 
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separated and the clean gases returned to the eye of the fan. Since 
the cxtracjtion efiiciency of any centrifugal collector is a function 
of the pressure drop across the equipment the degree of extraction 
will often be limited by the power requirements which are propor- 
tional i u the jnessure drop. Where vane control is used the efficiency 
of dust collection is increased as the vanes are closed. By closing the 
vanes the ])ressure difference between the scroll proper and fan 
inlet is inc reased, resulting in increased collecting efficiency. 

There are other types of dust collectors embodying the cyclonic 
principle which are placed on the inlet sides of the fans to reduce 
l)lade erosion. In one type there may be three collectors per fan 



Fjca. 100. (Int Arrestor on I.D. Fan. (J. Howden & Co. Ltd.) 


operating in parallel, the separated dust dropping into air tight bins 
from which it is periodically extracted. The equipment consists of a 
main casing of volute shape provided with an inlet through whicli 
the dust-laden gases enter tangentially. The dust-laden gases thus 
entering the (Miuipment are forced by their velocity to take a path 
following the perijihery of the volute. The dust particles, being 
heavier than tlic gases, are forced outwards towards the periphery, 
and as the action of separation is centrifugal the separating effect 
increases as the radius of the volute decreases. The particles have a 
fairly long path to traverse in a spiral and downward direction 
through cones and (\ylinders to the dust outlet at the bottom. 
This gives the lighter particles a chance of coming under gravitional 
as well as centrifugal influence and they are therefore more easily 


BOILER PLAOT 


341 


caught. The clean gases form a vortex in the (*enlre of the chamber 
and pass upwards through the outlet. 

The mechanical dust collectors may have partitions to permit 
efficient operation at partial loads. Multi-cell oentwfugcal dust 
extractors are often installed between the economisers and the air 
heaters. 

There are few water spray or water film types due to the nature 
of the plant required for disposal of the residue, the need for brick 
or concrete chimneys, a supply of suitable water and high initial cost 
and maintenance charges. 

Electrostatic precipitators are adopted for the extraction of dust 
and grit from the flue gases of pulverised fuel boilers. Korne plants 
are provided with both mechanical and electrostatic dust extraction 
equipments. Under ordinary working conditions the concentration 
of dust in the exit gas from stoker-fired boilers may be from 0-5 to 
1*5 grains j)er cubic foot, depending on the ash content of the coal. 
With pulverised fuel similar conditions result in 1*5 to 4 grains per 
cubic foot. During soot blowing the quantity may be increased 
five to ten times. The cleaning of flue gases by electrostatic precipi- 
tation depends upon the principle that when a gas containing solid 
or liquid particles is passed between two electrodes, one of which is 
charged to a very high potential and the other earthed, the particles 
or dispersoids in the gas are driven to the earthed electrode and 
removed from the gas stream. The actual removal of the ])articles 
from the gas is caused primarily by the ionisation of the gas as it 
])asses between the electrodes. Ions are formed near the discharge 
electrode and move across the gas stream to the receiving electrode. 
The efficiency of a j)reci2)itator can be made to approach 100 per 
cent., but for flue-gas cleaning 90 to 99 ])cr cent, is usual. The size 
and cost increase with high efficiencies. 

In calculating the efficiency of precix)itation it is generally 
assumed that : — 

(1) The ((uaiitity cf dust deposited on a given spot is ])ropurtionfll to the 
(hist density existing in the gas at that spot. 

(2) The dust particles drift on to the colloctmg electrode at a (‘(.instant 
velocity wliicdi depends on the jiartiele size. 

There are two forces acting on a partide haviiig directions at 
right angles to each other. The first is that set up by the flow 
of the gas which carries the same particle along between the two 
electrodes and the second is that produced by the ionisation of 
the gas and particles and is on a plane at right angles to the plane 
of the electrodes. Or, in other words, the path of a particle will 
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take a direction which is the resultant of the gas velocity and the 
force set up by the electrostatic field. It is the resultant of these 
two forces which moves the particle across the space between the 
electrodes ajid the path assumed is similar to that indicated in 
Pig. 161. In this view it is assumed that the receiving electrode is a 
vertical tube and the discharge electrode is a fine wire suspended 
centrally in the tube with the path of the gas being vertically 
upward. If a particle becomes ionised at point A (and the precipi- 
tator is correctly designed), it will move over a path to point B 
which is on the tube wall. If, however, the gas velocity in the tube 


-VE 



ELECTRODE 

Fig. IGl. Path of dust particle. 

is too high, or conversely the voltage (and consequently the ionisation 
effect) is too low, the particle will assume a path from C to D, in 
which case it will be carried beyond the end of the tube and escape. 
The electrodes from which discharge takes place are of negative 
polarity ; the dust particles thus become negatively charged by 
bombardment of the electrons in the ionised gas and are repelled by 
the negative electrodes and deposited in the positive receiving 
electrodes which are at earth potential. Electrostatic precipitators 
are of the plate and tube types. In the former the gas moves either 
vertically upwards or downward or horizontally between rows of 
parallel plates, with discharge electrodes suspended centrally 
between each pair of plates. Precipitators with perforated-plate 
electrodes have been used with satisfactory results. In the tubular 
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type the tubes always hang vertically so that the gases can only 
pass up or down. The discharge electrode hangs centrally in each 
tube and for good ionisation it should be made of fine wire, the 
smaller the wire the greater the intensity of ionisation of the gas. 
Each electrode, being very fine wire, should be held taut by a heavy 
weight suspended at the bottom to keep it central and prevent 
oscillation. If free, the electrodes would vibrate with great rapidity 
when charged to a high potential, enough to produce a corona or 
precipitation effect. The amplitude of this vibration is considerable 
and would result in flashovers between the oscillating wire and 



Fia. 162. Simplified General Arrangement of an Electrostatic Precipitation 
Plant. (Sturtevant Engineering Co. Ltd.) 


earthed tube. The primary cause of swing is the uneven or 
unbalanced forces between the two electrodes, and since the receiving 
electrode is fixed the forces naturally cause the discharge electrode 
to oscillate. This may be eliminated by tying the discharge elec- 
trodes together at the bottom ends. The discharge electrodes are 
of square section wire since this combines the essentials of good 
corona discharge and high mechanical strength. The four corners 
of the electrode provide what is in effect a series of points from 
which a very intensive discharge is obtained, and by twisting the 
wire the strong points are spread in all directions around the elec- 
trode. The general arrangement of a tubular precipitator is shown 
in Figs. 162 and 163. The receiving electrodes are made up of 
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hexagonal tubes nested together in honeycomb fashion, a number- 
being placed in each bank. The discharge and receiving electrodes 
must be kept clean if good operation is to continue. This is done by 
two sets of rapping gear, one for the discharge electrodes and the 
other for the receiving electrodes. The accumulation of dust on the 
discharge electrode increases its diameter with consequent drop in 



Fia. 163. Sectional Arrangement of Precipitator to operate at moderate 
Temperatures. (Sturtevant Engineering Co. Ltd.) 

voltage intensity, and the receiving electrode with a coating of 
deposited material, especially if it is non-conductive, produces back- 
ionisation. The square wire used for the discharge electrodes is 
flexible and the blows imparted by the rappers easily make the wires 
vibrate throughout their length, causing them to free the dust. The 
receiving electrode tube banks are vibrated throughout at each knock 
of the hammer and their dust deposits fall off. The dust is collected 
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in hoppors immediately below the casing. The hoppers have grids 
fitted to prevent falling lining or other materials choking the outlet. 
All internal insulators for supporting the high-voltage electrode 
systems arc of fused silica. The surfaces of the supporting insulators 
should be cleaned at regular intervals. Where precipitators are 
placed outdoors the entire sheet-steel casing should be lagged for 
if the dew-point of the gases is reached corrosion is inevitable. If 
the precipitators are placed indoors it may be possible to dispense 
with the external lagging, but if corrosion is to be prevented it is 
advisable to apply an internal lining. This is almost essential on 
one- and tvo-shift stations where daily starting up and shutting 
down is responsible for much corrosion trouble caused by low- 
temperature gases. The internal lining serves to prevent corrosion 
of the casing plates and acts as a heat-insulating medium. Rein- 
forced concrete chambers are also used, and are constructed of 
aluminous cement concrete as a protection against acids. The 
various types arc given in Table 25. 

Table. 25. Comparison between various types of Dust Extraction 

Plants 


Type of Plant 

1 

Capital 

Cost 

Operating 

C'OKt 

Mainten- 
ance Cost 

Space Occupied 

Draught 

Loss 

Area 

Volume 

Water film (with Settling 
'tank ) . . . 

10 

1 0 

10 

10 

10 

10 

Ditto (with Filter Plant) 

20 

20 

20 

0-5 

1-7 

10 

Combined Water Spray 
and Film (with Settling 
Tanks) 

11 

10 

10 

15 

1-8 

1-3 

Combined Water Sjjray 
and Film (with Filter 
Plant) 

2-0 

20 

20 

0-9 

2-6 

1-3 

Electrostatic. 

1-9 

1 20 

0*5 

0-46 

30 

0-33 

Multi-cyclone 

M 

10 

0-6 

0-40 

j 3-6 

2-8 


Wet Systems. The advantages will l)e observed from Table 25. 
Some disadvantages are : — 

(1) Corrosion may be experienced unless eliiinney has an ficid-j>roof lining. 

(2) Disposal and filtering of the effluent. 

(3) The cooling of the gases in the chimney causes draught loss. 
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Dry Systems (Electrostatic) 

(1) Flue gases do not come in contact with water. 

(2) The draught loss is small. 

(3) Maintenance costs are reasonably low. 

(4) The dust is collected dry and can be removed either dry or wet. 

(5) Heat loss in due gases is small. 

Some of the disadvantages are : — 

Larger space occupied than the wet ” systems, the efficiency is 
not maintained if the gas velocity exceeds that for which the plant 
is designed, and high capital cost. The supply to the precipitator is 
very liigh voltage direct current, 30 to 60 kV. The methods of 
obtaining this direct current supply are : — 

(1) Series combination of d.c. generators. 

(2) Mechanical rectifier (disc or blade type). 

(3) Metal or copper oxide rectifier. 

(4) Valve rectifier. 

The valve rectifier is too fragile for industrial purposes. The 
electrical equipment for the first method may consist of three or 
four d.c. machines, each provided with a double wound armature 
and two commutators connected in series to produce direct current 
voltage of 40 to 60 kV. A third commutator is fitted to each 
generator to deliver exciting current at low voltage. The bases of 
these machines are insulated from earth but the frames are at a 
potential equal to the average voltage between the two H.T. com- 
mutators fitted to each armature. The machines are coupled by 
means of insulated couplings. The prime mover (a.c. or d.c. 
motor) may drive one, two or three generators in series, the positive 
pole of No. 1 set being connected to earth and the negative pole of 
the third set taken to the precipitator discharge electrodes. 

The mechanical rectifier with rotating blades has been used on 
numerous plants and Fig. 164 shows a typical layout. There are two 
blades keyed to an insulated shaft and driven by a synchronous 
motor, the motor having a movable stator which is operated from 
outside the screened area. This type of stator makes it possible 
to synchronise the rectifier with the current supply and conduct 
off at the most suitable parts H.T. current and voltage waves. 
The blades are provided with a tip on both ends and a copper ring, 
mounted on the shaft, with a brush making a final connection to the 
precipitator or to earth. Two pairs of shoes on both sides of the 
rectifier are coimected to the terminals of the step-up transformer 
and here again, as the blades rotate, the negative current is conducted 
from the shoes by the blade tips and passed to the precipitator vid 
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the blades themselves, the copper rings and brashes, and the 
bushing at the end of the rectifier. Since one brush is connected per- 
manently to the precipitator and the other to earth the circuit is 



Fig. ]fi4. High Tension Plant for Electrostatic Precipitator, Derby 
(Sturtevant Engineering Co. Ltd.) 

completed in the same manner as on the dist; machine. Figs. 16t5-167 
give connections and data appertaining to such plant-. 

A milliammeter of the centre zero type is connected in the high 
tension circuit which in addition to giving current indication also 
shows the polarity. When conect polarity is obtained a blue spark 
is usual at the brushes whereas incorrect polarity is accompanied by 
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BOILER PLANT 


349 


a green spark. A reversing switch in the low tension circuit of the 
transformer enables correct polarity to be obtained. A discharge 
across the milliamineter pointer causes discoloration of the scale 
plate and in time the meter 
is rendered useless. 

The metal rectifier has 
an advantage in that there 
are no moving parts. It is 
made up of a number of 
copper discs coated with 
oxide, the oxide film pre- 
senting a high resistance 
to current flowing in one 
direction but allowing it 
to pass in the other. In 
this way the pulsating a.c. 
is rectified to unidirec- 
ti onal current . Tlie copper 
discs are mounted on a 
spindle from which they 
are insulated and fins are 
used to radiate the heat generated by the passage of current. 
With this apparatus a high tension transformer is required in the 
same way as for the mechanical rectifiers. All types of jirecipitators 



Fig. 166. 


Simplifiod Diagram of L.T. 
Connections. 


/SOL^TO^S 



Fig. 167 . Two Precipitators arranged for working off one Rectifier. 

and their liigh tension sets are mechanically (and sometimes elec- 
trically) interlocked so that it is impossible for operators to enter any 
danger zone until all current has been switched off and the plant 
earthed. This earthing is necessary since a precipitator is, in effect, a 
large condenser, and cutting off the current supply does not make 
the plant safe to enter. The electrodes hold a considerable charge 
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which may be dangerous and an interlocked earthed switch and 
access doors are essential for safety. To eliminate the possibility 
of accidents the supplies for the main unit and auxiliaries (rapping 
gear drives, etc.) should be controlled from one switch. Wireless 
interference is minimised by enclosing the w^hole of the H.T. equip- 
ment in a screened chamber of steel wire or expanded metal. 

Some features of electrostatic precipitators are - 

(1) Very little trouble from discharge electrodes fracturing or 
insulator failure. 

(2) So long as the boiler is under reasonable load, say from 
quarter load up to M.C.R., no trouble is experienced with circuit- 
breaker tripping due to flash over in the precipitator. This is quite 
a usual occurrence when starting a boiler from cold or when shutting 
it down suddenly, due to sudden changes in the gas composition. 

(3) The power consumption working with a 200,000 lb. per 
hour boiler is about 11 kW. for the H.T. equipment and 2 kW. for 
motor drives. 

(4) Rectifier shoes and blade tips and rapper arms and pins 
occasionally require replacing. 

(5) Only protective gear required for plant is the no-volt and 
ovorcurrent releases on the main breaker. Sustained flashing 
causes the latter to operate. 

(6) Trouble is sometimes experienced due to drainage of oil 
from the cable sealing ends. A high leakage discharge due to this 
is noted on the milliammeter. 

(7) Labour operating charges are small. 

(8) High resistance leakage paths cause erratic operation of 
the rectifier and result in heavy sparking of a surging nature. Such 
fluctuations of current will be observed on the main L.T. ammeter. 
Persistent shorting on the H.T. side will cause the series resistance 
to overheat. 

(9) The ozone and nitric acid in the rectifier chamber atmos- 
phere has deleterious effects on the instruments and surrounding 
metal work. Galvanising is essential for all steel work whilst instru- 
ment bearings, etc., deserve special attention. 

The following data relates to a precipitator for boiler unit of 
130,000 Ib. per hour steaming capacity : — 

Floor area : 600 sq. ft. 

Building space : 22,500 cubic ft. 

Rapping gear for discharge and receiving electrodes : Two 
motor-driven equipments, each 1 B.H.P. 

Mechanical rectifier (blades) : Synchronous motor 1*6 B.H.P. 
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Transformer ; Single phase type ON — 30 kV.A., 400 V./60 kV. 

An to -transformer : 300/600 volts. 

Draught loss through precipitator : ^ in. W.G. 

Efficiency : 94 to 96 per cent. 

Electrostatic precipitators do not appear to operate satisfactorily 
if they are too small, gas velocities are too high and the plates or 
tubes are not rapped fairly frequently or at other than partial 
loading. In one plant the electrostatic precipitators had a guaran- 
teed efficiency of 98 per cent, at maximum continuous boiler rating 
when handling 142,600 ft. of gas per minute. On test the actual 
efficiency obtained approached 99*4 per cent. Further test results 
are given in Chapter XX, Vol. 2. 

Dust Removal. Various methods are in use, some of which 
are ; — 

(1) Vacuum extraction plants. 

(2) Water ejector systems. 

(3) Discharging dust direct to sluices by chutes. 

(4) Discharging into conveyors. 

Vacuum plants are used on both stoker and pulverised fuel installa- 
tions and give good service. The plant consists of a primary 
receiver, secondary cyclone receiver, water or cloth interceptor and 
motor-driven turbo -exhauster. Two equipments can be worked 
simultaneously from one primary receiver. Valves of the flat slide 
type are fitted to the hoppers and bins, to allow air to pass into the 
piping system before the orifice connecting the dust hoppers is 
opened. This ensures that the air stream is in action before dust 
commences to fall. Precautions are taken to reduce the abrasive 
action of the dust at the bends and junctions in the piping system. 
Special wearing plates have been used for bends where abrasion 
was not too severe. It has been suggested that right-angle bends 
are better than “ easy ” bends, since the comer is in time made up 
with grit and serves to prevent excessive wear. This has been tried 
on boiler plants using coal and coke and proved successful. All 
bends were of the right -angle type and replacements were negligible 
after continuous service extending over five years. 

The primary receiver is a cylindrical steel vessel designed to 
withstand the collapsing effect of the vacuum and having a holding 
capacity to suit requirements. 

The secondary cyclone receiver is included to arrest the fine dust 
carried over from the primary receiver. The water interceptor is in 
the form of a cylindrical steel vessel having a head of water through 
which the air is passed to extract the fine residue of dust which 




Fig. 168. Pneumatic Flue Dust Plant for Pulverised Fuel Boilers. 
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remains before passing into, the exhauster. In some cases cloth or 
bag interceptors are used. The exhauster provides the necessary 
air volume and suction for handling the required amount of dust. 
Diagrammatic layouts are shown in Figs. 168 and 169. 

The water-ejector system has also been used on both stoker and 
pulverised fuel installations and if the ash -handling plant is such 
that liigh -pressure water is required then its adoption is worthy of 
consideration. The dust is periodically extracted from the hoppers 
by the water ejectors. These ejectors have a very positive suction 
action and can pull the dust out of the hoppers at the rate of 60 to 
80 tons per hour and discharge it into a sluiceway in the form of a 
completely wetted-down slurry. Steam ejector systems have also 



been used. The use of screw and “ Redler ” conveyors may also bo 
adopted to deliver the soot and grits to overhead bunkers. 

The disposal of this dust, particularly when pulverised fuel is 
used, becomes a serious problem and may cause considerable incon- 
venience to surrounding property unless j)recautions are taken to 
wet it before handling. One successful method is to provide a 
mixing screw conveyor at the outlet of the container. 

Use has been made of pulverised fuel dust for stone-dusting in 
coal mines, the dust being collected in bags and then sent under- 
ground. The pipes, etc. may require lagging; as water vapour 
carried over may cause choking of pipes. Trouble has been experi- 
enced with the ash where dust is discharged to a common sump, 
due to settling out difficulties in the sump. In pulverised fuel 
plants a considerable quantity of the dust is made up of hollow 
spheres which are able to float and may sometimes cover a depth of 
about 2 ft. from the water surface. The dust or fine ash which does 
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settle out may cause the bulk of the ash in the sump to set hard after 
a few hours and make it difficult for handling by grab. 

The particulars given in Table 26 show how the deposition of 
dust takes place throughout a boiler unit at normal and maximum 
continuous ratings. 


Table 26. Dust Particulars 


Type of Boiler 

Stoker 

Pulverised Fuel 

Boiler rating — evaporation lb. per 
hour. 

N.E.R. 

150,000 

M.C.R. 

187,000 

N.E.R. 

110,000 

M.C.R. 

130,000 

Catch from boiler and economiser 
hoppers — lb. per hour 

70 

100 

150 

180 

Catch from grit arresters — lb. per 
hour ..... 

100 

150 

1,600 

1,950 

Catch from chimney hopper — lb. 
per hour ..... 

30 

60 

360* 

420* 

Total • 

200 

300 

1 

2,100 

2,550 


* This includes all hoppers in ducts, etc. The amount collected at the chimney 
base is only a small proportion. 


Flue dust varies in density, ranging from 15 to 55 lb. per cubic 
ft., being lighter at the chimney end. The combustible loss of this 
separated fine dust varies considerably and may be anything from 
4 to 12 per cent., the total loss being less than 1 per cent, of the coal 
burned. These figures are only estimated values and depend largely 
on the thermal, chemical and physical characteristics of the coals. 
The stoker boiler I.D. fans have secondary vortex collectors and 
the pulverised fuel boiler an electrostatic precipitator. 

Another method of clearing the economiser hoppers is to employ 
small extraction or grit re-firing fans. These extract the grit from 
the hoppers and return it to the combustion chamber by way of 
nozzles for re-buming. Sand blasting of the front walls, particu- 
larly if refractory construction, may be experienced. 

The fly-ash of pulverised fuel boilers may be re-introduced into 
the combustion chamber where it is fused and discharged by way of 
the slag taps. 


FLUE GAS DUCTS 

The majority of ducts in use are of mild steel plate, although 
brick and concrete flues are quite often employed where the plant 
layout permits of these being adopted. Mild steel plate ducting 
covered with heat-insulating materials is not entirely satisfactory, 
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as expensive repairs and maintenance charges have been incurred 
in many plants owing to the inevitable corrosion which takes place 
with the low exit-gas temperatures now obtaining. These tempera- 
tures are resj)onsible for the formation and deposition of moisture 
in the ducting and, togethVr with the sulphur-content in the gases, 
result in deterioration ol the steel plates. Attention has been 
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directed to the use of internal protective linings for both steel ducts 
and steel-plate chimneys. The cost is higher, but in practice appears 
to be iustificd. Pigs. 170 and 170a show t)ne form of construction 




KEY PLAN 

Kio. 170a. Khio (Jas Ducting Dot Jills. 


adopted. The lining eonsista of pre-formed hitunienised asbestos 
sheets set in a inasti(* compound and held with multiple cast-iron 
clamjis which allow tlic normal flexure to occur without damage 
(also see Air and Gas Ducting and Steel Plate Chimney). 
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CHIMNEYS 

Steel chimneys are still used but corrosion troubles are common 
and various methods of minimising these have been tried. Steel 
chimneys used on older boiler plants were trouble-free in so far as 
corrosion was concerned, and it can only be concluded that the 
troubles now experienced are due to low exit gas temperatures. 
Further, the trend towards higher chimneys aiso tends to accentuate 
the cooling of the gas stream in contact with the inner wall of the 
chimney and intensify internal corrosion. These low temperatures 
are responsible for the formation and deposition of moisture in the 
chimney and together with the sulphur content in the gases result 
in deterioration of the chimney plates. Air heaters bring about a 
reduction in flue gas temperatin^es, whereas in the earlier plants the 
gases entered the (*himrieys at fairly liigii temperatures. The higher 
flue gas temperature enabled tlie gas to be discharged without the 
strata in (‘ontact with the steel being cooled to fall below dew-point. 
Flue gas contains the corrosion-producing properties of air plus 
moisture from the fuel and sulphur. Sulphur products are very 
corrosive and in addition elevate the dew-point of the gas. The 
design of chimneys may be governed by local by-laws and these 
should always be considered before proceeding with the detailed 
design. A block plan showing the proposed position of the c'himneys 
in' relation to surrounding property together with a detailed drawing 
and full c’alculations may have to be submitted for approval. 
Probably the feature to which attention has been chiefly directed, 
apart from corrosion, is the chimney height. Much depends on the 
site, })articularlv the contour of ground, surrounding buildings and 
other obstructions. Any solid matter which may be emitted from a 
chimney should be dispersed over a wide area. To ensure this being 
done it appears that the height of a chimney should be at least two 
to three times the height of the highest obstruction of the station 
buildings. An external ladder of the safety cage or othei* approved 
type is provided to facilitate inspection and maintenance. Life-lines 
and pulleys are sometimes included, but steeplejacks do not place 
much faith in this equipment. To provide for testing chimney gases 
openings of suitable diameter may be provided at specified positions 
in the chimney or ducting. Where two outlet ducts enter a chimney 
and are opposite each other, a midfeather is necessary to direct the 
incoming gases up the chimney, thereby facilitating exit and mini- 
mising turbulence and churning. Doors for access to hoppers 
and the base of the chimney should be included. A suggestion put 
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forward is that very large chimneys should have a hoist incorporated 
as a permanent fixture. The internal linings of chimneys require 
attention and factors of importance are : — 

(1) Abrasive action of the flue gases necessitate a bard or t(High material. 

(2) Siil[)l}iir and moisture are always present and tlic combination jiroduces 
rapid corrosion. 'I’bc lining should thoreftHe bo non-bj groscojac and be 
miuntained intact. 

(3) Tlie lining should fe suftieiently llexiblo to allow for cljJiniK'y inove- 
mciit in very high winds, and also take care of temperature strains. 

Liglitning (‘onduotors for chimneys are discussed in Chapter XVIIT, 
V’^olume 2. 

Principal Dimensions. Before proceeding with the detailed 
design of a cliimney it is necessary to fix the lieight and internal 
diametei*. (k^rtain recommendations have been put forward by 
the former Electricity (bminissioners, ajid referent’e should be made 
to the 1932 Report drawn up by a Committee appointed by them. 
On p. 19 of this Report it is stated that : 

“ The Sub-(Jommittoe conclude from this ovnience tliat emissions from 
elnmnoys liaving a lieiglit of times tbid- of the surrounding buildings, plus, 
where necessary, additional height lo compimsate for the coniour of the 
adjacent land, will diseharge mlo an air stream which can bo deiiended ujion 
not to come in contact witli the earth under uormal (conditions. The additional 
height rot|uirod can be determined with a suHicK'nt degree of accuracy by 
experiments with a model in a wind tunnel, or by investigations on the site 
with no-lift balloons.” 

The problems involved in estimating the behaviour of the plume 
from a chimney are rather comjdex. Professor 1). Brunt, of the 
lmj)erial (k.)llege of Science. London, carried out investigations, and 
his findings were published in J . /. Elect. Engrs., Vol. 89, Part 2, 
June, 1942. In Professor Brunt 's opinion, maximum gas concen- 
tration ()C(‘urs at a distance from the chimney base equivalent to 
ten times the chimney lieigiit, and amounts to about 0-21 part per 
million by volnitie. This value is much lower than normal eoncentra- 
tions which occur in any industrial town and are regarded by 
Professor Brunt as innocuous. He considers that the concentration 
of fine grit follows the same laws, and is also innocuous provided 
that the emission from the stack is reasonably controlled. The 
highest building — excluding cooling towers — is usually the boiler- 
house. 

In order to fix the internal diameter it is necessary to know the 
ultimate boiler capacity for which the chimney has to be designed. 
There is no degree of standardisation of fiue-gas velocity in chimney 



BOILER PLAIJT 


359 


design, but it would appear that the average velocity ranges between 
1,200 and 2,000 ft. per minute. Single chimneys have been designed 
for carrying the flue-gases associated with 120 to 150 MW of boiler 
plant with these gas velocities. In some cases the diameter of a 
chimney is governed by mechanical reasons or architectural propor- 
tions. The smaller the diameter the less will be the cost of both 
chimney and foundations. Although a saving can be effected by 
designing a chimney for weight and wind-pressure only, that is not 
recommended, because the vibrations come too near the dangerous 
limit for a very tall chimney. In fixing the height the draught 
produced is neglected, although some saving in induced -draught fan 
power is effected. 

The technical data relating to one boiler plant are as follows 

Steam pressure, 650 p.s.i. gauge, steam temperature, 850° F. 

Average feed -water temperature, .105° F. ; — 1,154 B.Th.U./lb. 

Average calorific* value of (3oal, 11,500 B.Tli.U./lb. 

Average flue-gas temperature, 800° F. ; average COg at c^himnoy inlet, 
11 per cent. 

(\>rresponding flue-gas ])er lb. of coal, 15 lb. 

Vcdumo of flue-gas per lb. of coal at 300° F., 200 ft.® 

One boiler inut (180,000 lb. of stoain |)er hour) rocpiires approximately 
21,500 lb. of coal per hour. 

Eight boilers at 180,000 lb. ])er hour -= 144 MW (assuming 10 lb. of 
steam per kWh.). 


With eight ])oilers steaming at this rating, tlie a2)proxiinate volume 
of fluc-gas passing to the chimney would be 8 . 21,500 . 290 ft®., and 
with a 22-ft. diameter chimney would result in a velocity approaching 
2,200 ft. /min. Six boilers normally operating at full load would 
give a velocity of about 1,G50 ft./min. (27*8 ft. /see.) (see Oas 
Velocity). 

Type of Chimney. The types in use are : — 


(1) Steel plate. (2) Brick. (3) K-einforced concrete. (4) Aluminium. 
(V)m])arative cost s of the various typos are given : — 


Unlined steel plat-e 
Lined steel plate . 

(V)ncrete (central, three boilers) 
Brick (central, throe boilers) 
Some actual costs arc : - 
Unlined mild steel chimney 
Lined — 0*6 per cent, copper bearing 
, mild steel ..... 
Steel chimney (asbestos-cement lining) 
Reinforced concrete (without acid- 
resisting lining) .... 


. 10 

. i-3 to 1*5 

. 2-2 to 2-5 

. 3-0 to 4 0 

£2,000 ( 170 ft. high, 10 ft. diameter). 

£2,800 (145 ft. high, 12 ft. diameter). 

Lining only, £650. 

£8,000 (340 ft. high, 27 ft. diameter 

average). 
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The cost of foundations is not included. Table 27 gives further 
data relating to brick and concrete chimneys. 

Steel Plate Chimney. This is used when a separate chimney is 
employed for each boiler or for two medium -capacity boilers. It 
is cheaper, as erection time is reduced and the foundations are not 
so costly. The disadvantages are painting and maintenance charges 
due to the effects of corrosion. 

The chimneys may be arranged in rows down the sides of the 
boiler house or be supported and anchored on the building and 
boiler steel-work down the centre of the boiler house. The layout 
will, of course, depend on the arrangement of the boiler plant. 

Chimneys have been constructed of plates made of : — 

Ordinary mild steel, copper- bearing mild stool, special stainless steel and 
“ Armco ” iron. Riveted and all-welded construction have been used. 

The lap joints can be arranged to prevent lodgment of water 
and dirt on the outside although on unlincd chimneys the inside 
laps have been suggested as giving better service since 1h© joints 
are not subject to attack from sulphur and gas. With the inside lap 
joint any paint applied to the outside tends to seal the joints and 
form a water shedding fillet on the top edge of the stack plates. 
Where the chimney jjasses through the roof, cravat sleeves and roof 
plates should be included to ensure a weather-tight joint. 

Plate chimneys arc usually of circular section, although the 
ejector type has been adopted. Steel plate clumney details are 
given in Fig. 171 . The chief trouble with steel chimneys is corrosion, 
which may occur both internally and externally, resulting in a 
gradual reduction in plate thickness. Should the plate thickness 
become unduly reduced, particularly in the lower sections of the 
chimney, the structure may collapse under its own weight. Every 
possible step should be taken to prevent undue wasting, and every 
chimney should be inspected annually. 

Internal corrosion is attributed largely to the fact that so much 
heat is abstracted from the fiuo gjises that tlie chimney temperature 
is reduced to a figtire not exceeding 300° F. There is considerable 
condensation of the steam in the gases resulting in the formation of 
moisture which together with the sulphur and dioxides of carbon 
present, forms highly corrosive acids. Internal wasting will be 
minimised by use of coal having a low sulphur content but this is 
not always possible. The possibility of high dew-point temperatures 
shotild be kept in juind as the dew-point of sulphuric acid is over 
600° F. it has been suggested that the flue gases adjacent to the 
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inner wall are cooled below dew-point and moisture from the gases 
is deposited on this wall. This moisture picks up sulphur from 
the gases, thus forming a dilute solution of sulphurous acid which 



Fio. 171. steel Plate Chinmey Details. 


causes rapid corrosion. Where the smoke issuhig from a chimney is 
rather "steamy it may be that there is a tube or joint blowing in the 
gas path. External corrosion is caused by climatic conditions and at 
the upper sections by the dioxides of sulphur and carbon in the gases 
in association with moisture, if the gases are blown down the outside 
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of the chimney. Painting the outside of the stack with oxide of iron 
paint, say every two years, or as soon as the old paints shows signs 
of peeling off, will guard against external corrosion. 

Ducting from the induced draught fans to the chimney is also 
subject to corrosion and should be protected. In one instance the 
ducting to the chimney wasted to such an extent after four years’ 
service that complete renewal was necessary. This section was 
unlagged and the average gas temperature was about 260° F., and 
frequent starting up and shutting down was experienced during 
this period. The problem of corrosion has brought into being 
numerous methods for its prevention, some of which are : — 

(a) Lining -with afcid -resisting cement a])plied by special gun. 

(b) Lining witli acid-proof bricks set in acid-proof cement. 

(c) Lining with limpet asbestos and cement applied by spraying. 

(d) Applying a metaJ coating of lead or aliiminiiiin by oxy -acetylene gun. 

(e) Fixing asbestos cement sheets with a backing of mastic composition. 

if ) Coating with paint. 

(g) Rubber lining. 

Method (a) has been used and although it has proved satisfactory 
on some chimneys, speaking generally it has not met with much 
success. The cement is applied over steel mesh reinforcement secured 
to the inside of the chimney. In one case a chimney of 9 ft. internal 
diameter was Imed throughout with a 2-in. thickness of cement 
applied by gun to a backing of stool reinforcement. After six years 
service it was found that on an average the lining has worn to about 
a thickness of 1 in . and patches some 2 or 3 yards square wore without 
cement, the reinforcement being exposed. The cement had appar- 
ently perished over the period of years. The boiler was of the 
stoker type with grit arresters fitted between the air preheater and 
the induced draught fan. The average flue gas temperature at exit 
was 330° F. and the velocity about 18 ft. per second. 

A further example of a 200 ft. x 12 ft. 9 in. chimney where 
pulverised fuel boilers were installed is of interest. Annual internal 
painting did not prevent excessive corrosion and a 2-in cement 
lining was applied. After being in service for four years the upper 
30 ft. was attacked by acid to a depth varying from | in. to 1 in. and 
the portions near ground level about J in . 

Method (6) rec[uiras special fixings to sectionalise the brickwork, 
and necessitates a stronger chimney to take the additional loading 
imposed. For complete protection the lining should be extended 
the full height of the chimney. It is essential that all joints in the 
brickwork lining be made impervious to the passage of gas or 
moisture through them. 
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welded to the plates and allow the protective coating to dry out 
before commissioning the boilers. In this way the coating becomes 
solidified and good adhesion to the chimney plates is ensured. 
Experience has proved that it is futile to apply this type of protec- 
tion once the stack has been subjected to the flue gases. 

Method (d) is not very popular, particularly lead coatings. 

Method (e) has been used with success, but requires the chimney 
to be of albwcldcd construction. Pre-formed bitumenised asbestos 
sheets are set in a mastic compound and held with multiple cast- 
iron clamps which allow the normal flexure to occur without damage. 
There is little difference in cost between riveted and all-welded 
construction. 

In method (/) various paints have been put forward. The ideal 
paint should bo able to withstand the activity of heat, cxj)and and 
contract along the surface without cracking, peeling or flaking off, 
and be acid resisting. 

Chimneys on boiler plants without air heatejs have been 
jiainted internally and extomally with black graphite paint, and 
no corrosion troubles have been experienced. A mixture of tar, 
))itch and natural asphalte was applied internally to four chimneys 
which have been in service for a number of years and lias given fairly 
satisfactory results. 

Whilst '' Arm CO ” iron (similar material for rivets) is a good 
(|uality material, it has not been able to withstand the attacks of 
abnormally corrosive flue gases. 

The locality in wliicli the station is situated may also })lay an 
important part in the choice of (chimney construclion. For examjfle, 
in a salt atmosphere the air may attack the materials. The com- 
bined action of salt air and water has also been known to destroy 
stainless steel (diimiu’iys. Mild steel chimney plates may be given 
one coat of boiled oil before despat cli to site. In some cases tlie 
])]atos are left self colour after erection and allowed to weather, after 
which they are thoroughly (deaned and given two coats of paint. 
The bottom coat could be red load and the top of aluminium 
or other paint of the desired colour. Where the chimney is provided 
with internal protective lining there does not appear to be any 
necessity for painting the plate lap joints. In any case the joints 
are riveted and weathered. Trouble is sometimes experienced with 
vibration due to strong winds, particularly where self-supporting 
steel chinmeys arc used. In very squally w^eather, cold air may be 
blown down the stack and when this comes into contact with the 
ascending gases, vibration may ensue. This is likely to take place 
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where the station is situated in a valley, and especially if the draught 
is poor. Chimney vibration may also affect the induced draught fans, 
causing the runners to foul the casings oven though expansion pieces 
are included in the interconnecting ductwork. 



Hojglit of cliiiniioy from fan floor lovol . . . . . 145 ft. 

Diameter of chimney . . . . . . . . 12 „ 

I’lates — 0-6 per cent, coi^por- bearing iniJd sfwl. 

Rivets — mild steel. / 

Two pulverised fuel boilers each 130,000 Ib./hr. M.C.R. 

Electrostatic precipitator between air lieator and I.D. fan. 

Plates drilled in. and holes tapped to suit bolts inserted. 

Fuel gas temperature- -270-320® F. 

Annual inspection of steel chimneys is desirable and the most 
reliable form of inspection is close visual examination of all the 
surfaces and in particular the riveted joints and protective coatings. 
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Any parts in doubt may be hammer tested from the outside and 
where sections are suspected of excessive wasting the actual 
thickness of the remaining metal can be determined by drilling, 



Fig. 174. Steel Plate (chimney Data. (Chain Grate Stoker.) 


Notes : No. 1 J)o])osit -Dry greonisli deposit (from brickwork). 

,, 2 ,, Dry whitish deposit (corrosion slight). 


, 4 


.. 7 


Dry whitish deposit with greenish-brown patches. Corrosion 
commencing (plates and rivet heads). 

Deposit definitely moist and greenish colour. Corrosion 
heavier and scaling commencing. 

Thi(iker deposit, dry on surface and moist underneath. 

Corrosion and scaling heavier still. 

Similar to No. 6, but drier. 


Details of Chimney : 

Approximate time in commission to date 
Height from ground level . , . . , 

Diameter at base ...... 

Diameter above cone. ..... 

Plates ........ 

Rivets ........ 

Thickness of plates ...... 

Approximate temperaturo of flue gas at chimney base 
Ditto, for last two months .... 


2} years 
144 ft. 0 in. 

16 ft. 9 in. 

9 ft. 6 in. 
“Armoo” Iron 
“Armoo” Iron 
i in. 

360° F. 

426* F. 
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Pig. 173. Further data relating to steel chimneys are given in 
Fig. 174. 


Some details relating to steel-plate chimneys are appended : — 


1 — 187,500 lb. per hour M.C.H. 
Self-supporting steel plate. 


Boiler capacity 
Type of chimney 
Height 

Height above grates 
Height of lining 
Internal diameter — Rase . 

- Top . 

Thickness of j^lates 
Foundation bolts 
'^Fotal weight . 

Lining of the chimney 

To a lieight of 13 ft. 

2nd lift 
3rd lift 
Top lift . 


170 ft. 

154 ft. 

45 It. 

16 ft. 

10 ft. 

in. {bottom 70 ft.), remainder g in. 
18/21 in. 

100 tons (4S tons steel, 142 tons 
lining). 


14 in. common brickwork 
0 in. „ ,, 

4J in. „ „ 

3in. firebricks. 


The second and third lifts faced with 3 in. of firebricks. Common bricks 
9 X 4j X 3 in. best make and the lirebricks best vStaffordshire quality 
9x5x3 in. thick, curved to suit the radius and grooved at each end. All 
bricks set in hydraulic lime mortar. The space bet ween the brickwork and the 
(diimnoy jilates filled in with dry rubble. 


Working stresses 

Wind pressme 
Boiler capacity 
Type of chimney 
Internal diameter 


Single rivetcnl joint, 8,000 Ib./scj. m. 
Double ,, ,, 10,000 ,, 

25 lb. per sfjuare foot. 

2 — 180,000 lb. jier hour M.(J.U. 
Self-supporting. 

12 ft. 


Rise to 160 ft. above roof level and 265 ft. above ground level. 
They have a coating of bitumen to protect the metal and 
then lined with a 4J-in. course of “ Accrington ” acid-resisting 
bricks erected on cast-iron angle rings attached to the steel shell of 
the chimney at distances of 5 ft. apart. The ])ointing of the brick- 
work is carried out with “ Prodorite ’’ acid-resii^ting cement. 

Brick Chimney. These are very expensive^ to construct, but 
require little maintenance and may oven serve the lives of two 
boiler plants. 

Brick chimneys are lined with acid-resistijig firebricks and the 
additional load imposed on the ground generally necessitates 
expensive foundations. 
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An example of brick chimneys is given : — 

Boilers installed ..... 8 — 256,000 lb. per hour M.C.K. 

Number of chimneys . . . .4. 

Height ...... 250 ft. 

Internal diameter — at base . . .30 ft. 

at top . . .23 ft. 

The total weight of a chimney 254 fi-. liigh with a minimum 
internal diameter of 18 ft. is approximately 2,700 tons, excluding 
foundations. 

A most serious trouble with brick chimneys is a pronounced 
departure from tlie perpendicular, referred to as a list, or lean. 
Such a condition ihay develop due to unequal settlement of the 
foundation, or the crusliing of mortar in tlio joints at one side of 
the lower section of the chimney. Another factor which may cause 
listing is continuous and quick building which results in the mortar 
in the joints, particularly tliose at- or near the base, crushing under 
the weight before it is i)roperly set. This is further aggravated 
wiien high winds i)revail dn one direction during building. 
Carrying out the work in stages — ^l3uilding, say, 40 to 50 ft. and then 
leaving for a few w'oeks until brickw’ork has had time to consolidate 
and then continue in similar stag(vs until completion — will obviate 
this. The use of liigh-class material and sound workmanship arc 
important factors if a first-class job is to result. 

Rapid deterioration of the jointing materials and the brickwork 
may result if the flue gases arc highly charged with acids, sulphur 
dioxide, etc. The use of acid-f^roof mortar and bricks overcomes 
this trouble internally but the upper exteiiial sections of the stack 
are also exposed to attack, since smoko and fumes are blown some 
considerable distance down the stack from the top. A good internal 
fire-brick lining serves to protect the ordinary brickwork from 
excessive heat. Copings at the top should be maintained in good 
condition otherwise the ingress of rain and snow into the brickwork 
will have serious effect on the mortar joints. Once cracking has 
set in it has the tendency to widen and pointing often proves futile 
so that banding is necessitated. Banding consists of fitting to the 
defective portions of the stack a number of bands of flat steel or 
wrought iron, each made up of several lengths whi(di can be bolted 
together. A brick chimney which has developed a slight list may be 
straightened if care is taken. One method is removing a course of 
brickwork from one side of the chimney at the base, inserting 
supporting plates and wedges as the removal is effected, then taking 
out the w^edges gradually so as to allow the chimney to move back 
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into the perpendicular and finally filling in the gap with brickwork. 
Inspection will vary according to circumstances and periodical 
observations and records assist in this respect. 

One chimney, 327 ft. high (Germany), has internal and external 
sections of brickwork with an intermediate section of concrete. 

Concrete Chimney. This type is cheaper than a brick chimney. 
Some idea of the general construction will be obtained from the 
following examples : — 

J3()iler8 installed . . . . .3. 

Type of chimney .... Shell — reinforced concrete. 

Inner lining — acid-resisting bricks. 
Height ...... 250 ft. 

Internal diameter at base . . . 18 ft. Gin. 

External ,, ,» »» • • • 24 ft. 6 in. 

internal diameter at top . . .15 ft. 

External ,, 17 ft. 2i in. 

Total weight ..... 900 tons. 

The foundation for each (diimney is of reinforced concrete 6 ft. 
deep by 44 ft. square, supported on eighty-five reinforced concrete 
piles, each 14 in. square. The weight of the foundation block is 
approximately 770 tons, exclusive of the piles. Excluding the effect 
of wind the load on each pile is about 20 tons. Assuming a wind 
ju’cssure of 30 lb. per sq. ft. acting on 0-7 of the projected area of 
tiie chimney, the pile load would be about 30 tons. The chimneys 
are in two parts, the shell and the lining (Fig. 175). The shell or 
outer casing is of concrete tapering in thickness from 11| in. at the 
base to 5^ in. at the cap, reinforced with § in. diameter horizontal 
rings ill two diameters, the outer at 5 in. centres and the inner at 
8 in. centres vertically, and verticals of i in. diameter rods at 7 in. 
ceuitres. The lining is of acid-resisting brick set in acid-resisting 
cement mortar 4J in. thick throughout, with the exception at flue 
inlets and the base, where the brickwork is 9 in. thick. 

The linings are in lengths of 40 ft. or so, each being supported on 
a concrete bracket the full circumference of the shell. The bottom 
of one length of lining is flashed to the top of the lower length with 
lead flashing. The space between the outer shell and brick lining 
enables ventilation to be maintained throughout the height by 
including holes in the supporting brackets at each length. Ventila- 
tion holes are also provided in the shell from which the heated air 
escapes and so maintains a continuous circulation of cool air. The 
shell is therefore kept at or near atmospheric temperature and much 
below that of the brick lining. Another interesting feature of these 
cliimneys is the method of construction adopted. The shape of the 
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shell at the top is circular, but at the base it consists of eight circular 
arcs Joined by eight straight sides. The radius of the arcs at the 
bottom IS the same as the radius at the top. If the chimney was 
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Fig. 176. Reinforced Concrete Chimney Detaila. (Tileman.) 


circular from top to bottom the diameter would vary throughout the 
entire height and special shuttering would be necessary for each 
section poured. The circumference at the top is divided into eight 
equal arcs, and these form the circular arcs at the bottom. In 
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between these arcs straight widths of shuttering are used. When the 
bottom length of shell is poured the only alteration to the shuttering 
to make it suitable for the next lift is to reduce slightly the width of 
the straight pieces. The brick lining follows the shape of the outer 
shell, varying in distance from it from 4 in. at the base to 14 in. at 
the top of each section of lining. The base of the chimney is well- 
shaped to hold flue dust, grit, etc., a door being included at ground 
level. Climbing irons are provided on the outside to the full height 
of the chimney. Reinforced concrete chimneys, like steel chimneys, 
have been anchored on steel supporting girders, and some details of 
such chimneys are given. Li one case the chimneys were placed on 
massive steel towers (encased in brickwork) at a height of about 
18 ft. above ground level. The mix for the chimneys was 1 part of 
Fcrrocirete cement to 1 J of sand and 3 of broken stone. The base 
is 28 ft. 2 in. internal diameter with a thickness of 10 in., and the 
top is 22 ft. diameter and 6 in. tliick. There are forty -eight 6 x 3 in. 
vertical flu tings on the outer face of each chimney. The tops of the 
chimneys are about 337 ft. above ground level. The reinforcement 
consists of a helical system of ^ in. diameter bars at 6 in. centres on 
each side of the shell. The angle of pitch is 60^" to the horizontal, 
and the bars on the outside run in the opposite direction to those on 
the inside face. Vertical bars f in. diameter at 6 in. centres forming 
a diamond-shaped interlacing are also provided, together with the 
horizontal bars at 5 in. centres. The cMmneys are anchored by 
1^ in. diameter bars extending to the underside of 7 ft. deep double- 
supporting girders wliich are secured by nuts. The space between 
the supporting girders is filled solid wdth concrete. The rate 
of building was tliree lifts of 4 ft. each per week. The reinforced 
concrete work was tamped, rodded and vibrated. Gas-washing 
plant is installed, and it was considered unnecessary to include 
acid-resisting lining. The chimneys each weigh about 546 tons. 

It is possible to erect very large chimneys on small foundations 
providing the site conditions permit of this being done. As an 
example, two chimneys were built on rock foundation and the 
excavation necessary did not exceed 18 in. 

The particulars of these chimneys are : — " 


Height 

Internal diameter at base 
„ „ at top 

Thickness of shell 
Total weight 


335 ft. 
28 ft. 
26 ft. 


1 1 in. tapering to 6 in. at top. 
4,400 tons (each). 


The chimneys are of reinforced concrete and have a special brick lining. 
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Another example of reinforced-concrete construction is given : — 

Height ..... 300 ft. (above ground level). 

Intenial diameter at base . . 21 ft. 6 in. 

„ „ at top . . 17 ft. 9 in. 

Unlined, as gas-washing plant is installed. 

The wall thickness above the bottom plinth is 12 in., tai>ering to 7J in. at 
the top. 

Total weight .... 800 tons. 

A reinforced concrete chimney in which the author suggested 
that the lower 120 ft. be utilised for administrative offices is shown 
in Fig. 176. 

The power station is situated about one mile to the north-west 
of the city centre, being bounded on the east and west by rising 
ground on which considerable residential property is built. It lies 
in a valley and hills rise sharply on either side to a height of from 
100 to 150 ft. Further ranges of hills more remote from the station 
rise to heights of from 500 to 900 ft. above the station site level, 
and in these circumstances it seemed likely that the local health 
authorities would require a chimney of sufficient height to prevent 
an unduly high concentration of sulphurous gases anywhere in the 
city. Having regard to the diameter and height necessary, the 
fact that the sub-soil of the site is not too good, and the nearness of 
the chimney to the existing cooling water culvert, a reinforced- 
concrete chimney was considered to bo better than a brick chimnej^ 
since the load imposed on the foundations is considerably lower. 
Experience has shown that the dependability of well-designed and 
constructed reinforced-concrete chimneys is now beyond question, 
and that the possibility of failure is at least as remote as with brick 
chimneys, if not more so. The boiler mechanical draught plant is 
placed on an upper floor of the boiler-house, the outlets of the 
induced-draught fans passing through the roof. This lay-out affords 
a direct inlet for the flue gases to the chimney at boiler-house roof 
level, or about 100 ft. above ground level. Therefore, it did not 
appear necessary to carry the chimney down to ground level unless 
the lower 100 ft. could be put to good use. The existing administra- 
tive oflSces at the station were inadequate and, in view of the 
proposed boiler-house extensions, the position was not altogether 
satisfactory. The author decided that there was much in favour of 
incorporating the offices at the base of the chimney, for not only 
did this position utilise valuable space, but also the offices are 
centrally disposed and afford direct access to the boiler and turbine 
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houses without leaving the buildings. Moreover, the height of the 
chimney shaft is then only 250 ft. above the flue-gas inlet chamber. 
Following the recommendations of the former Electricity Com- 



Fia. 176. Heinforcod Concrete Chimney, 351 ft. hjgh, 22 ft. internal 
diameter. (Tileman.) 


missioners, the chimney should be 250 ft. high, but, in view of the 
rising land on the east and west sides of the power station, it was 
decided to increase the height to 350 ft. above ground level, thereby 
allowing an additional 100 ft. 
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Loads and Working Stresses 
Loads 


Self weight of concrete 


. 144 lb. per ft.* 

„ „ ,, brickwork 


128 ,, ,, ,, 

Super load on tower floors 


. 112 „ „ ft.a 

„ „ „ platform slabs 


. 112,, ,, ,, 

99 99 99 f» 99 


50 „ „ „ 

Wind load on projected area of circular shaft . 

• 20 ,, ,, „ 

„ „ „ octagon . 


26 „ ,, ,, 

„ „ „ tower 

. 

• 15 „ ,, ,, 


Working Stresses 

Concrete. As Table 2, p. 22, D.S.I.R. Code (1933). Allowable increase 
in stresses under maximum wind load, 25 per cent. 

Steel. As Column 1, Table 4, p. 26, D.S.I.R. Code (1933). Allowable 
increase in stresses under maximum wind load, 26 per cent. 

Modular ratio (all mixes), 15. 

Maximum temperature of flue-gases, 360° F. 

Since the building of this chimney, B.S.S. 449 (1948) has been 
issued and should be referred to. 

Choice of Pile. The use of cast in situ piles was decided upon 
chiefly owing to the nearness of existing buildings, circulating water 
culverts and the ability of the piles to carry high loads. Site restric- 
tions for casting, handling, and driving meant that pre-cast piles 
could not be considered. The question of vibration, however, 
largely influenced the choice of bored in situ piles. The specification 
called for piles of not less than 17 in. diameter, to be carried down 
to such a depth that a safe load of 50 tons per pile would be guaran- 
teed. A number of piles had to be tested with a dead load of one 
and a half times the safe guaranteed load. 

Foundation Raft. The depth of the foundation raft (Fig. 177) 
was chosen to avoid undue loading on the adjacent cooling water 
culvert. The excavations were carried down to about 3 in. below 
the bottom of the raft and, after the pile positions were set, this 
area was covered with mass concrete to enable excavation spoil 
from the piles to be easily cleared away. The raft was concreted 
in six portions over a period of eight days, the day-to-day joints 
being made by stepping the edges adjacent to the next section. 
Thus each section of the foundation was concreted to the full height 
in one operation. 

Office Block Tower. The shell, which is a hollow square, 32 ft. 
by 32 ft., with 13 in. walls thickened to 15 in. at the comers, was 
constructed with sliding shutters consisting of a single belt 4 ft. 
high made with I J in. of planed eheeting supported by 9 in. by 3 in. 
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ribs, diagonally braced between the jacks. The sliding shutters 
were raised by means of twenty-four jacks operating on 1 in. 
diameter mild steel rods. The placing of the concrete proceeded 
continuously day and night at an average rise of about 10 ft. per day. 
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walls are parallel throughout. As a protective measure against 
attack by acid and damp, lower portions of the tower sides were 
given a f in. covering of asphalt. Fig. 178 shows the general layout 
of the offices. 

Flue-Oas Inlet Chamber. The arrangement adopted is shown 
in Fig. 179 and has two flues on the boiler-house side and one in 
each of the sides which adjoin the boiler-house. The ducts enter 
the inlet chamber independently and the loading is symmetrical. 
The inlet chamber is constructed as a rectangle with two corners 
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cut off on the side away from the hoiler-hoiise and the internal facje 
is made circular to line with the chimney shaft. As two of the gas 
ducts enter the chamber directly opposite each other, a mid -feather 
wall is included which extends about 8 ft. above the top of the ducts. 
A brick-lined reinforced-concrete flue dust hopper, the sides of which 
have a slope of 55° to the horizontal, is provided immediately 









378 


ELECTRIC POWER STATIONS 


below the inlet. The hopper outlet is connected to the flue-dust 
extraction plant. Doors are included on each side of the mid- 
feather wall to afford access to both sides of the chamber. 

Chimney Shift. The shell thickness ranges from 9 in. at the 
bottom to 6 in. at the top. Calculations show that no tension 
occurs on the section at the bottom (section 2, Fig. 180) or on 
section 1 . Vertical and horizontal steel is provided to resist tempera- 
ture stresses. The maximum stresses due to temperature are 
8,8''50 Ib./sq. in. and 8,000 Ib./sq. in. in the horizontal and vertical 
reinforcements, on the assumption that the flue-gases are at 350° F. 
and the outer air at 50° F. The wind pressure blowing on one side 
of the shaft tends to distort the section from the circular to an oval 
shape, and here again the reinforcing steel (horizontal) is mostly 
for temperature stresses. Under the worst conditions, with an 
unlined shaft, no tension occurs. The temperature drop througli 
the chimney with flue-gases at 350° F. and air at 50° F. is ai)proxi- 
mately as follows : — 


(1) At a section whore the shell thickness is 9 in., t he brick lining is 4^ in., 
find there is an air-space of 6 in., the approximate drops through the various 
parts will be ; — 



Op 

(a) Brick lining 

f 50 

(ft) Ventilated air-space . 

. 134 

(c) Concrete shell 

80 

[d) Outside drop 

36 

1’otal . 

. 300 


(2) At a section whore the shell thickness is 6 in., the brick lining 4| in., 
and the" air-space 6 in., the drops will be 



°F. 

(a) Brick lining 

r,5 

(ft) Ventilated air-space . 

. 147 

(c) Concrete shell . 

. 59 

(d) Outside drop 

. 39 

Total . 

. 300 


There are thiee courses of materia], in which respectively the 
thicknesses are dg and dg ; the conductivities are Ag and iSTg, 
and the temperatures of the faces are and with the hot 
face temperature. Then, for a single course of material, the normal 


conduction formula is Q = 


KA (^j /g) 

d • 
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Fig. 180. Wind Loading Diagram. / 


where Q = heat flow B.Th.U./sq. ft. hr. 

K = conductivity. 

ti — the temperature of the hot face, ®F. 
= the temperature of the cold face, °F. 
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Assuming, Q, the heat flow, is the same for all sections, therefore 


Q== 


^1 (^1 ^2) ^2 (^2 ■ " ^3) -^3 (^3 ^4) 


dl 


d<\ 


dfi 


Hence 


Qdj 




('1 - h)> -P -- (<2 - /»)> and (^3 - t^). 




Adding the expressions for each of the three sections, we now have 
Od. Od^ Qd^ 

^ {f'l ~h) + {f-i -fo) + (h -h) 


or 


hence 


L i'A 


d\ , d 


_j_ „ 

7^' > ' 7J 


d.. 


Ki ' A\, ' K,, 

and for any number of sections (n) 


1» j. 4. i: 

K\ ^ K, ^ A'a • • • K„ 

where is the outer face temperature. 

for concrete . . . . 1-Oj 

,, ,, brick lining . . . 0-8 Relativ^e conductivities. 

,, ,, ventilated air space . . 0*4 1 


The more usual shuttering and lift method was adopted, and 
consisted of four belts of circular shutters, each about 3 ft. 3 in. 
(with no overlap of the shutters on the ju'evious lift of concrete, 
each shutter being stood on top of the ])revious one). Owing to the 
taper of the shaft, it was necessary to make some adjustment in the 
diameter of the shuttering, and this was arranged by leaving spa(;es 
between the shutters at the bottoTii of the shaft and later closing 
the spaces by steel plates bent to the radius of the shaft. As the 
diameter of the shaft decreased, the spaces between the shutters 
were decreased accordingly. The shaft has a 4^ in. brick lining, 
separated by an air-s]mce from the outer shell and extending from 
the hopper to the top of the shaft. This lining was built in separate 
sections, each section being supported on a CKmcrete shelf or ring 
round the inside of the chimney-shell. The distance between each 
shelf is 29 ft. 3 in., or nine lifts of the shutters. The hopper has a 
4j-in. brick lining, and the flue-gas inlet chamber a 9-in. brick 
lining. The bricklaying was carried up following the shell, the work- 
men being protected by an overhead scaffold. In order to obtain 
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samples of the ehimiiev fluo-gascs, in accordance AvitJi B.S.8. 893 - 
1940, sampling points are located in the chimney shaft. The 
internal diameter at the point of entry of the ducting is 23 ft. ; 
therefore the minimum height at which the gas sam])ling points 
should be placed above the point of entry is 28 ft. The position 
chosen is about 44 ft. above this point, where eight holes, equally 
spaced round the periphery, are provided for taking 10 in. internal 
diameter (;ast-ir(»n pipe inserts. Each pipe has a flange fitted at the 
outside of the chimney. 

To facilitate inspection and maintenance, stc}) irons at 13 in. 
centres are provided from the flue-gas testing platform to the top 
of the shaft, there being three steps per shutter lift. Ijocal steeple- 
jacks were consulted and were satisfied with the use of bronze steps, 
J in. diameter by 8 in. by 3i in. by 3^ in. fixing ; but they suggested 
that it would be helpful if four bands of steps were placed round tJie 
top of the chimney. The first band is placed 1 ft. below tlie toj), 
the steps l)eing spaced 18 in. apart ; the next row is 4 ft. 4 in. below 
this ; and the third and fourth rows are placed at similar distances. 
J'he lower two rows were designed to carry 5 (‘wt. ])er step. 

Tlie top of t he chimney is protected by mc^ans of a (*ast-iron ctaj), 
which (jonsists of thirty-two equal sections. Ea(*h section is butt- 
jointed, with a I in. gap between the sections filled with bitumen. 
The total wedght of the capping is 2*3 Urns. 

Protective Finish. The protection of the outside sinfuc^e of tlic 
sliaft and tower against the action of sulphurous flue gases whicli 
are frequently blown down was duly considered. It was found that 
on very few chimneys had a })aint finish been af)plied, and tmly 
those which had been given a black bituiuastic finish had })roved 
satisfactory. On jnany concrete (diimneys a colourless hardener, 
which has a good nppearaiu^e, had been used nud found satisfactory. 
A very dilute solution of silicate of soda was aj)p]ied to the concaete 
surface when it was clean and dry. The calcium silicate and silica 
soak into the pores of the concrete to an appreciable de])th to J in.), 
and on drying leave the pores almost comjdetely filled. To ensure 
a good finish, three coats of solution were applied. The treatment 
imj)arts a glaze to the concrete surface and renders it more or less 
impervious to moisture and polluting gases in the atmosphere. The 
solution used (contained about 30 per cent, silica and 9 per cent, 
soda diluted with three to four times its own volume of water. As a 
further protection against acid attack, the tops of the lower flat 
portions of the inlet chamber, et(\, were given a coating of black 
bitumastic paint. 
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Office Block Annexe. This structure, which serves as a discon- 
necting corridor between the chimney-tower and the boiler-house, 
is 32 ft. long, 7f ft. wide, and 94 ft. high from the foundations to the 
roof over the lift-motor room. The walls, which are 13 in. thick, 
seat 18 in, deep by 9 in. wide reinforced-concrete beams for sup- 
porting the stairs and landings. A lift-well is formed in this structure 
with the motor-room overhead. Expansion joints are provided 
between the tower portion and the annexe walls, and also between 
it and the boiler-house, so as to allow for any movement of the 
chimney. The cubic capacity of the six office-block floors is about 
70,500 ft®. The basement below the first floor serves as a marshalling 
chamber for cables and pipes ; and a duct extends from it to the 
top floor. 

Lightning Protection. The orthodox lightning conductor is not 
suitable for a power station chimney, owing to corrosion and to 
difficulty, and the costly nature, of repairs and replacements that 
may be found necessary. An exceptionally heavy main conductor 
system with air terminals made in acid-resisting unpolished bronze 
was installed. The cast finish is extremely hard and is not so liable 
to corrosion as would be the case after turning. The terminals, 
fixing brackets, tape couplings and jun(*ti()n boxes were tinned by 
hot process to afford further protection against acid attack. The 
high -conductivity copper tape in the upper 40 ft. of the chimney is 
seamless lead-covered, with the ends tinned. The thirty-two sections 
of the cast-iron chimney cap are bonded together by lead-covered 
copper tapes to make them electrically continuous. The six air 
terminals are interconnected at about 4 ft. from the chimney top 
by a lead-covered coronal band, the joint between which and the 
copper tapes from the finials is made by tinned junction boxes. 
Two down tapes are fitted, and at the fluc-gawS duct platform a 
copper interlinking tape is provided, from which (topper bonds are 
made to the conductor. The ducting is earthed by way of its 
association with the remainder of the building steelwork. The down 
tapes continue from this platform -level to test-edamps placed at a 
convenient height above ground level to facilitate the testing of the 
separate earth termination as required. For each down tape there 
are three driven earth electrodes, 16 ft. long, which it is estimated 
will result in reaching the water level. The two groups of earth 
electrodes are interconnected by a continuous base tape running 
below ground level (also see Chapter XVIII, Vol. 2). 

Schedule of Technical Data. The following data relate to the 
principal sections of work : — 
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Item 


Chimney 

Shaft 

Piling 

Other Work 

Concrete mix 


1 : li : 3 

1:2:4 

Pile 1:2:4 

Caps 1 : li : 3 

ara4e of concrete (code of practice) 

Safe strcBB In concrete, Ib./sq. in. 

• 

High 

Ordinary 

High 

Bending 


1,100 

760 

950 

Direct 

Safe BtreRS in Htecl, Iii. 


880 

000 

760 

Bending .... 


18,000 

18,000 

18,000 

Direct 


13.600 

13,500 

13,600 

Modular ratio ..... 
Thickness of shaft, in. 


12 

18 

14 

Top , . ... 

Bottom 


0 

0 

— 

— 

'J'ower walls 


(1 : U : 3) 
mix 

— 

18 in. tldck 

Foundation raft 

ft. 

— 

— 

41*5 X 41-6 X 6 

Weight of chimney shaft and temer 

tons 

2,700 

— 

Annex 220 

• > i> ,> •< lining 

„ „ foundation raft 


511 

— 



— 

— 

666 

,, „ chimney-shaft reinforcement . 

Number of piles 


32 

13 

Office block tower 56 tons 


— 

Chimney 120 
Annex 5 

Flue sections 29 „ 

Foundation 11 „ 

Maximum load on each pile . 

tons 

— 

50 

— 

Pile-length .... 

ft. 

— 

25 and 2G 

— 

„ -diameter 

in. 

* “• 

17 

— 

„ -hose diameter 

in. 

i . — 

36 


Vertical reinforcements 


« dia. B. 
1 ” 1 

C bars | dla. 


Horizontal reinforcements 

„ 

1 dia. 5 pitch 


Total weight, excluding annex 

tons 

f .• A* 

Wound 

aplrally 

4,122 


Costs, Although the coats would not apply under present-day 
conditions, they are given for guidance, especially in respect of the 
different sections of work. This chimney was constructed during 


the period 1944-4f3. 

£ 

Chimney and tower ....... 31,256 

Piling 3,474 

Annex ......... 2,666 

Lightning conductor ....... 600 

Inlet chamber Hue gas frames ..... 200 

Special silicate of soda linisb, etc. ..... 1,000 

Special insurance ........ 41 

Air conditioning plant for office block . . . .1,700 

Lift and builder’s work ...... 1,200 

Hot and cold water supplies, lighting, office partitions, 

flooring, decoration, handrail, etc. . . . . 7,130 

Increase in cost of materials and labour on chimney and 
annex (Essential Works Order and Uniformity Agree- 
ment) . . . . - - . / . . 3,000 


Total £62,066 


Further details will be found in the paper presented by the 
author to the Institution of Civil Engineers (J. I, C. E,^ No. 6, 
April, 1948). 
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The Muiinoyer system of chimney construction is sometimes used 
where local authorities raise no objections. Such chimneys are 
built of specially-shaped precast reinforced concrete blocks about 
2 ft. 6 in. by 11 J in. by 4^ in., which are keyed horizontally and 
vertically by reinforcing bars grouted in slots in the outer edges 
of the slabs. 

When gas-washing plants are installed it appears justifiable to 
omit acid-resisting brick linings on reinforced concrete chimneys, 
since very little sulphur and fly-ash would pass to the chimneys. 
Fly-ash contains a fairly large proportion of Glauber’s salt and this 
may be deposited on the top of the chimney. Dissolved in rain- 
water it runs down the stack and finds its way into the pores of the 
concrete and on crystallising its disruptive force splits the concrete. 
To reduce deterioration from this cause the outside surface of the 
chimney near the top (40 to 50 ft. down) may be treated with acid- 
resisting paint. The flues can enter a very large receiver or downcast 
chamber to rid the gases of excessive grit before passing to the 
chimney. 

Aluminium Chimney. Self-supporting tapered aluminium 
chimneys have also been developed and incorporate a special 
type of asbestos insulation lining which reduces the temperature 
near the aluminium to working limits. Vents are provided at 
various levels so that cold air can pass between the lining and 
the aluminium for cooling purposes. The chimney proper is 
built from fluted aluminium extrusions whicjh are riveted to- 
gether on the inside and kept in shape by horizontal rings. The 
latter are also used to support the lining, which is in panels 
to facilitate handling. The time required to erect a 300 ft. 
chimney is some three months after completion of foundation 
work. With aluminium only 3 per cent, of its carrying capacity 
is iised to hold itself up, whereas in concrete this amount is 33 
per cent. A 300 ft. chimney with its insulation is not more than 
100 tons. The aluminium alloy used is resistant to most flue 
gases and industrial atmosphere. It weathers fairly quickly, 
the fluted appearance is pleasing and maintenancie charges are 
but small. From a review of existing plants it would appear that 
gas velocities of from 15 to 35 ft. per second are common. 
Assume 6 boilers (each 180,000 lb. per hour.) are normally steaming 
out of 8 boilers installed with a gas outlet temperature of 300° F. 
and 11 per cent. COg . 1-2 lb. coal per 10 lb. of steam, approximate 
flue gas per lb. of coal = 15 lb. Volume of gas per lb. of coal at 
300° F. = 290 ft.8 
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Volume of flue gas ^ 


6 . 180,000 . 1-2 . 290 

^600 


— 10,400 ft.^ per second, 
with a 22 ft. inteiTjal diameter chimney; 


velocity 


10,400 


0-7854 . 222 
— 27-4 ft. per second. 

Alternatively, assuming 10,140 ft.^ pei* 100 lb of coal (including 

vapour) and 12-5 per cent. COo, then 16,140 ( ^^9- ) r= 

^ ^ ^ V 460 + 32 / 


25,000 ft.2 per 100 lb. of coal. Volume of gas ])er lb. of coal = 250 ft.^ 
6 . 1*2 . 180,000 . 250 
■ ‘ 3.600 

=-= 9,000 ft. 2 per second. 

Velocity = 23-6 ft. per second. 


The volume of gas is proportional to its absolute temperature. Air 
entering at a temperature of 80° F. has an absolute temperature of 
540° F. and gases leaving the air heater to the chimney at 300° F. 
have an absolute temperature of 760° F. Dividing 760 by 540 we get 
1*4, i.e.f the volume of the gases entering the chimney are 1-4 times 
the volume of air delivered to the boiler. 

Chimney Emission. There is but little published information on 
this subject, and the author carried out investigations which were 
primarily concerned with the measurement of the spread of chimney 
pollution. The high sulphur and ash-contents of the coal burned, 
together with the methods of firing, all contribute to an increase in 
the pollution of the surrounding atmosphere by chimney emission. 
Atmosjflieric pollution from steam power plants is created by : Grit 
emission and smoke, including tarry matler ; gaseous oxidation 
products of the sulphur compounds present in the fuel burned, 
together with other gaseous waste products. To assess the pollution 
from these causes it is necessary to measure /the amounts which 
reach the ground at varying distances from the points of emis- 
sion. For the purpose of these investigations it was decided to 
measure (a) the amount of grit deposition, and (6) the amount of 
sulphur-dioxide present in the air at a number of selected sites 
situated at varying distances from the power station. To estimate 
the amount of insoluble and soluble material falling on unit area, a 
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deposit gauge similar to that developed by the Atuiospheric Pollution 
Research Committee of tlie D.S.I.R. m as used (see paper by T. H. 
Carr and W. D. Jarvis, J. 1. C. E,, No. 0, April, 1949). The deposit, 
together with any rainwater retained by the funnel and bottle 
receiver, was collec'ted eacih month and analysed to determine the 
amount of each of the following constituents : Insoluble solid matter : 
ash-content and loss on ignition. Soluble solid matter : chloride 
and sulphate content. Water. The area presented by the funnel 
having been determined, the results were expressed in tons per 
square mile per month. To measure the distribution of pollution 
in calm weather, the Petri-dish test was employed. The estimation 
of the amount of sulphur-dioxide in fiir at ground level was made by 
the lead-peroxide method. 

In collaboration with the Superintendent of Observations, 
Atmospheric Pollution Research (D.S.I.R.), it was decided to 
distribute twelve observation stations within an area having one 
mile radius from the chimneys at the power station. Wherever 
possible, use was made of the department’s substations, which have 
flat roofs about 15 ft. from ground level ; this height served to 
restrict unnecessary interference. A deposit gauge and a lead- 
peroxide apparatus were installed at each station, and, in addition, 
the monthly results of an analyses from two deposit gauges operated 
by the local authority’s health department were available. Winter 
and summer periods of observation were made. There are several 
factors which vary in amount and which themselves react to influence 
pollution concentration. These are : (1) Amount of coal burned ; 
(2) amount of ash in coal ; (3) amount of combustible sulphur in the 
coal ; (4) rainfall ; (5) dii’ection and velocity of wind ; (6) emission 
from chimneys of other industrial plants in the area under review ; 
(7) domestic pollution in the area ; and (8) seasonal variation as 
provided by winter and summer periods. 

For the purpose of determining the mean monthly ash distribu- 
tion, eliminating as far as possible the effect of variations in wind 
force and direction, use was made of an area grid. This was con- 
structed by drawing on tracing linen four circles which have a 
radius, respectively, of a quarter, half, one and two miles (of the 
same scale as the site map). These areas (0*196, 0*785, 3*142 and 
12*570 square miles respectively) were each divided into six segments, 
and the centre of gravity of each segment was determined and 
marked. The grid was superimposed on the ash distribution map, 
and from the values so obtained the mean ash deposition, in tons, 
for each area was derived. Thus, for each month, four mean con- 
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centration values were produced, from which a curve was drawn 
(having area in square miles as co-ordinates, and ash in tons as 
abscissae) showing the spread of ash distribution in terms of area. 
Considerable variation was sliown from month to month. For 
example, a particularly high concentration of ash deposition was 
recorded when a very strong wind force obtained. On the other 
hand, very low values were recorded during heavy periods of snow- 
fall, and it is probable that some of the deposited material was lost 
by the filling up of the funnels with snow. 

Contour maps were constructed from the individual determina- 
tions of SO3 absorbed by the lead-peroxide apparatus at each 
observation station, and the mean distribution of SO3 on the areas 
under review relative to the chimneys represented on the area grid 
was estimated. SO3 distribution curves were drawn, from which 
were read off the areas on which 10 per cent, and 20 per cent, of the 
combustible sulphur in the coal burned each month w^as absorbed. 
The conclusions reached in this particular investigation are given 
in the paj)er already referred to and were contrary to the findings 
of some other investigators. 

One authority has suggested that the smoke concentration at 
the ground vaiies almost inversely as the square of the chimney 
height ; beyond fifty chimney lengths the concentration varies 
inversely as the square of the distance. To obtain the normal full 
load chimney discharge velocity of 00 ft. per sect, one American 
station near a large housing estate lias a nozzle fitted on the top 
of each cliinmev which is 300 ft. high. Inside this nozzle and 
concentri(^ with it, a second nozzle with damper is fdaced. With 
this dainpcj* closed, the gas passes througli the restricted annular 
area, thereby raising the exit velocity to 120 ft. per sec. This 
velocity is deemed necessary under critical wind conditions to 
keep the chimney plume well clear of the gi'ound. To maintain 
this high velocity at less than full load a by-])ass is included 
between the P.L. fans and the base of tlie chimney. Pressurised 
boilers are installed. 

To further control the chimney emission the opeiators have 
equipment which includes a television Adewdng inonitor to show' 
condition of the chimneys ; a smoke indicator which operates on the 
light absorption principle ; an atmospheric air analyser located in 
the direction of the housing estate to measure the SO 2 gas and 
transmit an indication and alarm, and a wind velocity and direction 
unit located on the top of a nearby gas holder to indicate wind 
conditions. 
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PULVERISED FUEL PLANTS 

In Miis method of firing the coal is reduced to a fine powder and 
projected into the (combustion chamber by means of a current of 
hot air. A further volume of preheated air to make up the necessary 
amount for combustion is blown in separately, and the resulting 
turbulence in a high temperature combustion chamber facilitates 
thorough combustion. The liot air referred to is termed primary 
air, whilst the preheated air for combustion is known as secondary 
air. Tlie general appliccation will be understood on referring to the 
accom panying i llu si rations . 



The boiler unit is similar in most respects excepting that the 
stoker is replaced by burners and the inclusion of a screen of water 
tubes at the bottom of the combustion chamber for cooUng the 
ash. Explosion doors are juovided at the top of the boiler to relieve 
any excessive pressures. The two methods in general use are the 
Unit and Central systems and these will be briefly outlined. 

Unit System. The Unit or Direct system, Figs. 181 and 182, 
consists of a feeder, pulveriser, separator, fan, coal and air pipes and 
burners. The pulveriser, together with feeder, separator and fan, 
may be arranged to form a complete unit or mill, the number of 
units required depending on the capacity of the boiler. The raw coal 
falls by gravity from an overhead bunker into a receiving hopper and 
then on to the feeder which regulates the flow to the pulveriser. In 
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some cases automatic weighing machines are installed between the 
overhead bunkers and the feeders. After milling, the coal dust or 
fuel is extracted from the pulveriser vid a separator by an exhauster 
fan, which discharges it to the burners with either hot air or flue 
gas. In one plant the primary air fans or exhausters are installed 



Fig. 18l>. rulvorised Fuel Boilers at Ounston “ H” Power Station. 

(Clarke, Chapman & Co. Ltd.) ' 

on the clean air side of the pulverising ciremt, in which case the 
mills are always operating under pressure. With this arrangement 
the fans are not subject to the abrasive action of the fuel and blade 
erosion is reduced. The raw coal is dried before it enters the 
pulveriser, and the hot air together with the fuel is deUvered by the 
fan to the burner. Circular section cast-iron pipes are used for 
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ucnivoying tho uiixturo of fuel and air to the burners. These pipes 
are lagged and one spigot and socket- joint may be included in each 
feed line to allow for expansion. 

The milUng plant forms the largest item of auxiliary equipment 
and is placed in the boiler house basement in front of tho boiler unit. 
To provide for emergency conditions of operation it is advisable to 
install spare milling plant. The following data refers to two Unit 
systems : — 

Boilor capacity . . 110,000 to 130,000 lb. per hour M.C.H. 

Number of pulverisers . . 3 (each 50 per (^ent. capacity). 

(’apacity of each pulveriser . 3 tons per hour ( 10 j)ercent. moisture in coal). 

Number of burners *, . 3. 

Boiler capacity . . . 175,000 to 215,000 lb. ])or hour M.C.K. 

Number of ])ulveriKera . . 2. 

Oa])acity of each pulv^eriser . 0 tons ])er hour. 

Number of burners . . 4. 

The burners are connected in pairs to the two mills alternately, so that 
when only one mill is working a normal flame distribution is obtained across 
the combustion chamber. The power consumption is 10 kWh. per ton of 
fuel milled. 

Central System. This is sometimes known as the Bin and 

Feeder system, and may be ai ranged to servo the whole or part 

of a boiler plant (Fig. 1 83). The raw coal from tlie overhead bunkers 
is delivered to each mill through an automatic weigher if desired. 
From tho mill, the pulverised coal passes through a classifier or 
separator wdiich rejects and returns to the mill any oveisize particles. 
The coal-laden air thei) passes I’rom the classifier to a cyclone, the 
air being retunied to the mill circuit by an exhauster fan. From the 
cyclone the pulverised coal is delivered to a bunker vid a screw 
conveyor. When a boiler is taken out of service it is usually neces- 
sary to empty the pidverised fuel bin. Tho bins or hoppers are 
subject to spontaneous combustion and it is essential that the fuel 
be well dried and the bins perfectly aii’tight. It is possible to house 
the complete coal preparation plant in a separate building, but this 
has the disadvantages that greater site area is required and additional 
conveying equipment is necessitated. When tho preparation plant 
is installed in the boiler house it is usual for one milling plant to 
serve this house only. On very large boilers two milling plants may 
be arranged to serve one boiler. The plant for this system is similar 
in many respects to that of the Unit system, as pulverisers and 
exhauster fans are essential items of plant. The additional items are 
cyclones, screw conveyors, fuel bins, fuel feeders, and primary air fans. 
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The feeders are situated immediately below the fuel bins. A sox’ow 
conveyor extending the entire length of the storage bins is usual. 
The coal is dried in the mill either by hot air or flue gas which is 
forced through it and carries the powdered fuel to the cyclone 
where separation is effected. The fuel gravitates to the screw con- 
veyors and is transfen'ed to the storage bins whilst the hot air is 
extracted by an exhauster fan and returned to the mill. Whore flue 
gases are used they are discharged into the boiler unit at suitable 



positions. The tem]xeraturo find dryness of the air circuit are 
maintained by regulating the fidmission of air from the air heater. 
The primary air-fan inlet is taken from the main air circuit with an 
alternative inlet in the exhauster fan discharge piping, the choice of 
air supply being effected by dampers. By isolating the drying 
supply of hot air or flue gas to the mills it is possible to operate the 
boilers with the milling plant out of commission. 

Some idea of the installed auxiliary plant for unit and central 
systems will be obtained from Table 28^ 

Pulverisers. Pulverisation takes ])lace in mills which Jiiay 
operate on one of several pi inciples : inipa(‘t, abrasion, crushing, etc.. 
The chief requirements are that the fuel produced should not only 
be fine but of a consistent degree of fineness. The impact mill with 
its liigh-specd rotating liammers, the low-s])ee(l ball mill with its 
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Tablb 28. Comparison of Central and Unit 
Systems of Pulverised Fuel Firing 


Dranpfht Equipment, etc. 


('cntral -1)0,000 lb. /hr. M.(’.R. 

Unit -130,000 Ib./hr. M.C.K. 

Induced draught . 

B.H.P. 

J70 

Induced draught . 

R.Tl.P. 

1 55 

Kurcod 

100 

Forctul ,, 

105 

Primary air 

SO 

Precipitator 

2 

Fuel feeder .... 

4 

Rectifier .... 

2 

Total . . ’ . 

3,74 

Total 

2(U 


Milliiij 

X, Plants 


Milling plant 

835 

Milling plant 

IH)() 

Feeder di iv’e. 

2 

Feeder drive 

10 

ExliauHtor fan 

245 

Raw coal olevaioi* 

30 

Haw coal elevatoi 

30 

Raw coal conveyor 

7 

F uel conveyor 

14 



Total 

1)21) 

'I’tOnl 

1,007 


(irarifi totals, tlraf’t and nulling f)laii(..s : 

Central system : ()0,000 lb. /hr. — IISO H.H 1\, 7.r., 10 5 B H.l\ installed per 
1,000 lb. f)rstt>nin. 

Unit system : 130.000 11). /br. -1,271, i.r., U 8 installed pc'r 1,000 lb. 

of sbuim. 


cascading cliargc of steel balls and the medium -sjieed roller-and-bowl 
or ball-and-race mills all do their work effectively and the ultimate 
choice usually de])ends on the power consumption, maintenance and 
re])air charges, etc. Mills may also be grouped into two classes, 
according to the manner in whi(*h the air stream is provided. In 
some mills an exhauster fan on the output side of the mill draws the 
air and coal mixture away ; in others, a pressure fan on the input 
side of the mill provides the necessary air cmrrent, the latter system 
having the advantage of requiring the fan to handle only clean air 
as already mentioned. The chief fac^tors affecting pulveriser per- 
formance arc coal “ grindj^bility/* moisture content, and abrasive- 
ness. Pulv erisers ot‘ mills, as they are termed, may be high, medium 
oi' low-speed types. High-speed mills are usually of the revolving 
beater or paddle type with peiipheral speeds averaging 18,000 ft. 
per minute, and outjiut limited to some o tons i)er hnui‘ with power 
input of 18-20 kWh. per ton. 
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Medium-speed mills are of tJie roller or ball-ring type with 
peripheral speeds of 600-700 ft. per minute, and outputs of 10 tons 
per hour, with a power input of 10-15 kWh. per ton. 

Low-speed mills of the tube tyj^e with ball charge operate at 
peripheral speeds of 450-550 ft. per minute, and have an output 
up to 20 tons per hour with power input varying from 20-25 kWh. 
f)er ton. 

Pulveriser output will be limited to drying capacity rather than 
grinding capacity if the moisture content of the coal exceeds both 
that for which the pulveriser was designed and the drying temi)era- 
ture provided. Pulverisers ap])lied to low moisture fuels can often 
be inadequate for high moisture fuels. 



Fig. 184. Typical Milling Plant Characteristics (TTaminor Typo). 


Flywheels added to mill motors help to hold fuel Uames for up 
to fifteen seconds during momentary interruption. 

Ball mills, in which steel balls are housed, are constructed of 
steel plates with renewable liners. In a 10-ton mill of this type, 
28 tons of steel balls are used as the milling medium. The mill is 
capable of grinding 10 tons of coal per hour, containing not more 
than 4 per cent, moisture, to a fineness of 99 per cent, through a 
100-mesh, 1 mm. sieve, and 85 per cent, through a 200-mesh, 1 mm. 
sieve (anthracite duff being used). 

The hammer or beater types cjonsist of a number of swinging 
hammers or rotating beaters for milling the coal. The hammers 
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are secured to a series of di8<*s inounted on a centre shaft which is 
motor driven. 

In another type the milling disc is of mild steel plate on which 
steel brackets are riveted, these brackets carrying renewable hard- 
wearing beaters. A throw-out door is included for the extraction 
of tramp iron carried into the mill. Pockets are also provided to 
trap these stray pieces of iron. The pulverising plant should be of 
simple design and robust construction to keep the maintenance 
charges, which are inevitable in this plant, within economic limits. 
Fig. 184 illustrates milling plant characteristics. 

Coal Feeders. The feeders on unit pulverising mills have 
independent drives by a small-powered motor. The coal is fed by 
gravitj^ from the bunkers, via a small hopper, on to the feeder. A 
chain-belt conveyor, rotary table or star feeder inay be used. A 
star feeder is motor-driven through a worm reduction and crank on 
the worm wheel shaft connected to a ratchet and pawd device on the 
feeder shaft. The feeder motor may be interlocked with the mill motor 
so that in the event of the mill stopping, the coal-feed automatically 
ceases. The operators are sometimes relied upon for stopping the 
feeders. 

Fuel Feeders. These take the fuel from the hoppers or bins and 
suj)p]y the burners. They are used on central systems. Having 
accepted the fuel from the lioppcrs it is then carried to the 
burners by hot air supplied by a primary air fan. The feeders 
are motor-driven from a common shaft, and any feeder can be 
de-clutched. 

Separators. After the milling process the pulverised coal is 
withdrawn vid a separator or classifier which rejects and returns to 
the mill any oversize particles. The degree of fineness of pulverisa- 
tion is controlled by the position of a deflector which can be regulated. 
The coal-laden air passes from the separator to the burners, or in 
the (Antral system to a cyclone separator in which the fuel is separ- 
ated from the air, the air being returned to the pulverising circuit 
by exhauster fan. 

Cyclones. These are installed above the fuel hoppers and 
separate the fuel from the air. If a fuel transport pump system is 
used the fuel hoppers can be placed above the cyclones. Cyclones 
are conical steel containers into which the fuel and air pipes are led. 
The inlet pipe enters tangentially and the coal dust and air are thus 
given a rotating movement inside the cyclone. This causes the coal 
particles to be thrown to the sides and fall to the bottom, while 
the air moves to the centre and is extracted by the exhauster fan. 
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As the cyclones are below atmospheric pressure a motor-driven 
rotary air lock is included at the bottom to extract the fuel and pre- 
vent leakage of air into the system. A weighted flap valve is also 
used with success. Explosion doors are fitted in the top of the 
cyclone. The capacities of the cyclones are in accordance with the 
outputs of the milling plants. 

Fuel Handling. Having deposited the fuel in the cyclones it 
now remains to be delivered into the storage hoppers or bins. This 
is carried out by screw conveyors, although other systems are 
available whic^h make use of compressed air in conjunction with 
screw conveyors. The conveyors can be arranged to suit the bins, 
and the fuel outlets from the cyclones discliargo either directly 
into the bin immediately below or into either of the two conveyors. 
The conveyors are of U-shaped section and have covers. Inside 
each a cast-iron or steel helix revolves, being supported by bearings. 
Openings with valves are arranged in the bottom of the conveyor 
for discharging the fuel into the bins below. In one system the fuel 
is delivered to a motor-driven fuel transport pump consisting of an 
enclosed screw conveyor which feeds the fuel into a stream of com- 
pressed air. By this means the fuel is transported through cast-iron 
piping to tlie fuel bins. The fuel transport jnpes aie so arranged that 
fuel can be delivered from any milling unit to any bin. 

Fuel Bins. Steel plate construction with or without lining is 
usual, but brick lining with 1 in. rendering of cement has been used. 
An uninsulated steel bunker may give trouble due to condensa- 
tion causing the fuel to adhere to the plates and finally become 
solid. The gunite lining is often reinforced by special slabs laid 
direct on the steel plates. 

The fuel in the bins is liable to lire, and should the fuel reach a 
low level a clear hole or vortex may be formed in which case the feed 
to the burners is uncontrollable. Such a condition leads to excessive 
1‘uel beung fed to the furnace resulting in rapid increase of boiler 
load. Nuisance is also caused by dense black smoke being emitted 
from the chimney. The holding capacity will depend on the stooge 
desired, and in one installation the raw coal bunker of COO ®is, 
capacity serves two boilers of 300,000 lb. per hour^M.C.R. and the 
capacity of each fuel bunker is 120 tons, there being one for each 
boiler unit. 

Fans. Th(^ fans are those associated with the jjulverising })lant, 
namely, primary air and exhauster fans. The fuimary air fan in 
the (Central system only handles clean hot air whi(*h it delivers to 
the burner or fuel feeders for conveying the fuel to the burners. 
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In this case its suction is connected to the air preheater outlet 
ducts (Fig. 183). 

It is possible to have a common primary air duct system through- 
out the boiler house and so enable primary air supply to be main- 
tained to any boiler in case of failure of its own fan. The fan is of 
the high-pressure low capacity type. The primary air fan in the 
Unit system handles hot air and fuel, and is subject to the abrasive 
action of the fuel. In this case it is essentially an exhauster. In 
some Unit plants it only handles hot air and need not be designed to 
withstand abrasion. The exhauster fans in the Central system draw 
air from the top of the cyclones and discharge it to the pulverising 



mills. With this arrangement only a small proportion of the coal 
dust passes through the exhauster fau. Only a small section of the 
system (that between the mill and the exhauster) is above atmos- 
pheric pressure, consequently any leakage of coal dust is reduced to a 
minimum. Exhauster fans are of the unshrouded impeller type, the 
byptes being easy to replace . Tlic casings may lia ve renewable linings . 

Coal Drying, (kjal drying facilitates grinding as it renders the 
coal brittle and non -sticky. The methods now in use are hot air 
and flue gas drying (sec Figs. 157, 185 and 186). Steam drying was 
used in the early plants, but is now rarely adopted. 

The hot air method is most favoured since it is simple and 
efficient. The drying air is taken from the preheater Sischarge duct- 
ing and passed through the pulverising mill in such a manner that a 
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proportion of the moisture in the raw coal is extracted before under- 
going milling. The moisture remains in the system, and is dis- ' 
charged into the combustion chamber. 



Burners. The number and types of burners will depend primarily 
on the capacity and design of boiler. The burners mix the fuel and 
air intimately and project the mixture into the combustion chamber. 
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One type is desigiied in the form of a volute chamber into which the 
' pulverised fuel and air mixture is fed. The secondary air, of which 
a given amount is necessary for complete combustion, is drawn from 
the preheater air ducts through adjustable vanes in the periphery 
of the burner. The air and fuel are thus thoroughly mixed and 
projected into the combustion chamber witJi a helical motion* The 
location of the burners depends on the design and construction of 
the boiler unit being disposed in the front vertical wall of the com- 
bustion chamber or arranged in arch construction over the front part 
of the chamber. 

Burners may be divided into two types, namely, short and long 
flames, or turbulent ahd non-turbulent types. For normal bitumin- 
ous coals the turbulent tyj)e of burner is usually employed since 
turbulence is an advantage in that complete combustion is achieved 
in the minimum possible time. There are various forms of this type 
of burner. The stream of primary air and coal is introduced through 
a nozzle and the secondary air is admitted through adjacent aper- 
tures arranged so that the air streams strike the main primary air- 
(!oal stream at an angle or with a swirling motion. 

For low-volatile coals the velocity of the inain stream must be 
kept well below the speed of flame propagation for the coal and 
particle size in question. A long, non-turbulent flame is required 
and the burners arc often fixed so that they fire downwards, so that 
a long “ U' ’-shaped flame is produced. Secondary air is provided 
through ports in the furnace walls at positions along the flame travel. 
The application of long-flame burners is chiefly in connection 
with the combustion of low volatile (;oals, such as anthracite. 
These burners project the flame downwards into the furnace, 
enabling the coal particles to follow as long a path as is necessary to 
ensure complete combustion before entering the boiler j)roper. The 
length of flame path is a function of the rate of flame propagation 
and the time required for combustion. These values are in turn 
dependent upon the class of fuel, the rate of flame propagation being 
largely dependent upon the volatile and ash contents. With low 
volJhle fuels it is possible to obtain higher igriition and combustion 
rates by the following means : — 

(1) Adoption of higher combustion air temperatures. 

(2) Inclusion of refractory surface close to the burner ; this assists in 
maintaining ignition temperature. 

(3) Delayed admission of secondary air until ignition has already taken 
place, thus enabling the preliminary admixture of hot furnace gases to have 
its maximum effect in raising the particles to ignition tennperature. 
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Tangential firing is also used in which the burners are set at the 
corners of the furnace and fire tangentially to an imaginary circle 
near the centre of the furnace. This is often combined with tilting 
burners which enables the position of maximum heat release to be 
adjusted. 

The burners ai*e set in each of the four corners of the 
combustion chamber at such an angle that the directions of the coal 
and air streams leaving the burners lie horizontal and tangential 
to a circle of about 2 ft. at the centre of the combustion chamber. 
This promotes a vortex action in the flame, giving rise to a turbu- 
lence which ensures complete and rapid combustion of the fuel and 
effective and uniform distribution of radiation. One boiler of 
525,000 lb. per hour (650 lb. 900° F.) capacity has three mills, each 
mill having four comer burners, which operate down to a very low duty. 

Secondary air enters through the box enclosing the burner 
nozzles. The mills are arranged so that one mill 8uj)plies tw^o diagon- 
ally-oi)pGsed burners. The auxiliary lighting-up burners are 
ari’anged along the side walls at operating floor level. Tt has been 
found that the refractories in the vicinity of the main burners are 
damaged by excessive heat and this has been overcome by pro- 
viding a number of small holes in the combustion chamber w^all 
around the burners to admit secondary air for cooling. 

The particulars given in Table 29 relate to three installations. 


Table 29. Burner Details 


Tloiler Capacity 
lb. per hour 
M.C.R. 

No. of 
llurnerB 

Type of Flame 

System 

Kemarks 

300,000 

12 main 

3 aux. 

Long 

C'entral 

Humors in front arch of com- 
l)ustion cliamber. U-shaped 
hame with a fiaine travel of 
approx. 60 ft. 3 aux. oil 
burners for lighting-up (com- 
pressed air). 

215,000 

4 main 

2 anx. 

Short 

Unit 

Humors in vertical front wall. 
2 aux. oil burners (compressed 
air). ^ 

130,000 

3 main 

1 atix. 

Short 

Unit 

Burners in vortical front wall. 

1 aux. oil burner for lighting*up. 
(steam). 


Lighting-up Equipment. The starting up of boiler plant after 
complete shut-down is of prime imj)ortaiU‘e. For starting up 
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periods, when the boiler is cold and a slow firing rate is desired, a 
number of small capacity air atomising oil burners are used. The 
fire is started by inserting an oil torch through the tube in the 
burner front and then admitting primary air and fuel supply. A 
torch of waste dipped in oil and inserted in an observation hole 
may also be used. If the fuel docs not ignite the torch should be 
withdrawn at once and the combustion chamber allowed to clear 
before attempting to ignite again. The secondary air is adjusted 
after the fire is going. 

Pulverised fuel firing does not entirely eliminate standby losses, 
for losses are still incurred in bringing a boiler on to the range. 
Take the case of a 130,000 lb. x>er hr. M.C.R. boiler (300 lb. 
750° P.) where oil lighting-up equipment is installed : 

Condition 1. — Prom cold to steaming on the range, i.e., full steam 
pressure 60 galls, of fuel oil consumed. Boiler brought up in 
three stages of j)ressure increase. 

Condition 2. — Steaming on the range after being off for about 
12 hrs. (Steam pressure at 180 lb.) 15 galls, of oil required. 
Condition 3. — Steaming on the range, after beiiig off about 2^} hrs., 
9 galls, of oil required. 

The fuel used was a standard Diesel oil : -- 

Viscosity (Redwood No. 1 at 100° P.) . 40 so(‘.s. 

Minimum closed flash point . . 150° P. 

Maximum pour point . . . 20° P. 

Average calorific value . . . 19,300 B.Th.U./fl). 

In addition to the use of fuel for starting u[), a small quantit}" 
is necessary after shutting down to burn the coal f\icl remaining in 
the coal and air pipelines. 

Starting up also entails the use of an amount of coal. Typical 
figures are : — 

Lighting-up coal required, 0*75 ton when boiler has been off for 
about 18 hours. 

Ditto, 0*4 ton when boiler has been off for about 8 hours. 

Present practice favours the inclusion of an oil lighting-up 
equipment (Pig. 187) which incorporates one or more atomising 
burners per boiler. This is a fixed system, since the equipment is in a 
permanent position for all boiler units. The alternative is a portable 
air-compressor oil equipment which is transported to any unit to be 
commissioned. Creosote-iJitch has also been used for lighting up 
pulverised fuel boilers. 

The atomising oi* auxiliary burners deijend for their operation 
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on either steam or compressed air. With a complete shut-down for 
any length of time steam will not be available and the compressed 
air system has much in its favour. Additional auxiliar}^ plant is 



necessary unless compressed air is requiied for other station ser\ices, 
A compressed air system has two motor-driven air compressors 
which maintain air receivers fully charged, and the oil fuel is delivered 
under pressure by rotary feed pumps so that lighting and re-lighting 
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may be carried out at short notice. It is possible to eliminate oil 
pumps by placing the oil storage tank at a high level to obtain the 
required head. Each boiler lighting-up equipment is then fed by a 
separate oil pipe from the tank. Steam is taken from the main 
steam receiver, so that a supply is always at hand. The steam is 
always on to the control valve at burner level. A small boiler may 
be kept for emergency service in the event of complete shut-down. 

Pulverised coal burners are liable to go out when operating under 
low duty conditions with poor classes of coal, and to guard against 
this the oil system may be of the automatic type. The operator 
starts the fuel-feed pump by push button control and puts into 
action the ignition sparking to light tlie oil burners wliich in turn 
re-ignite the coal burners. 

General. Data relating to two pulverised fuel-boiler plants are 
given : — 


(1) C.S.G. Tri-dnim bojJor. 
Evaporation lb. per houi’ . 


Heating surfac5e 

Steam iJressiire .... 
Steam temperatuiH'- .... 
Feed ,, .... 

Combustion chamber 
Radiant heating surface . 

Volume .... 

Rating B.T.U. per cubic foot p(‘i hour 


200.000 N.E.K. 

240.000 M.C.R. 

280.000 i>oak. 

13,230 sq. ft. 

625 p.s.i. 

850^ F. 

350° F. 

27 X 20-5 X 24-5 ft. wide. 
2,170 sq. ft. 

J 6,930 cubic ff . 

18,650 M.C.R. 

22,500 peak. 


The fuel burnt is South Wales Anthracite Duff having the 
following analyses : — 


Calorific value (as fired) 

Moisture 

Volatiles 

Carbon . 

Ash 

Ash fusion tompcratiire 


12,500 B.Th.U. pen- Jb. 
4 per cent, maximum. 
6 to 8 per cent. 

74 to 80 per cent. 

14 per cent. 

2,460° F. 


Twelve burners of the “ U ” flame type aie ust?d. 


(2) “ Lopuleo ” boiler. 

Evaporation lb. per liour . . . 205,000 N.E.K. 

256,000 M.C.R. 

Heating surface (combu.stion chamber) 3,600 sq. ft. 

,, ,, (boiler) . . 4,400 sq. ft. 

Steam pressure .... 625 p.s.i. 

Steam temperature .... 825° F. controlled. 



Ffoci teiiipemture 
Combustion ohambor 
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Volume .... 
Rating maximum 

Fuel (bituminous) gross C.V. 

Ash . 
HgO . 

C 

H 


340° F. 

10 ft. 4 in. deep X 25 ft. 8 in. 

wide X 27 ft. 6 in. high. 
13,700 cubic ft. 

23,600 B.Th.U. per cubic foot 
per hour. 

10,500 B.Th.U. per lb. 

16*36 per cent. 

8*86 
58*74 
4*24 „ 


Corner fired on Unit system from two mills, rate of firing on maximum 
load being 31,600 lb. per hour (14 tons per hour). 


Superheater M.L.S. : — 

Total heating surface 

Economiser Senior Twin -tube : — 

Heating surface, steaming 

,, ,, non-steaming . 


11,300 sq. ft. 


6,863 sq. ft. 
0,608 sq. ft. 


Air Heaters, “ Usco ” plate type : — 

Heating surface, se(Jondary 
„ „ primary . 


10,710 sq. ft. 
46,980 sq. ft. 


The plant is designed for a guaranteed efficiency of 92 per cent, on 
the net calorific value of tlie specified fuel, the final gas temperature 
being reduced to 250® F. on normal load. 


REHP]ATER BOILERS 

When it is desired to ro-sujjerlieat tlie steam after partial expan- 
sion tlirough the turbine these boilers are employed. 

To obtain temperature regulation the relieater unit has built 
into it a boiler which generates steam at normal boiler pressure for 
the main steam range. The reheater unit is a combination of a 
reheater, boiler, superheater, economiser and air-heater. The 
rcheator is a low-pressure system in which the steam can be auto- 
matically cut off without risk of damage to tlie unit. Tt is started up 
like an ordinary boiler and the boiler portion is brought up to pres- 
sure and (connected to the steam rccieivei*. 8team generators for 
reheat are a little more complicated because the reheater section 
adds more heat per pound of steam as the load decreases, whereas 
the initial superheat adds the same number of heat units throughout 
the load range. Reheat temperature can be controlled by tilting 
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the burners at each of the four corners, initial superheat by steam 
desuperheater in addition to burner tilt. Four horizontal drums 
may be provided (a lower pair and upper pair), which are connected 
by tubes, a cross-connection being placed at one end of the two 
middle drums. Steam enters the upper drum passing downwards 
through the relieater tubes back to the turbine from the lower drum. 
A fully automatic system of protective controls is included to work 
in conjunction with the turbine. A relief valve fitted on the lower 
drum is set to blow off at a safe figure. The principles of reheating 
are outlined in Chapter IX. 

The Dunston ‘‘ B ” station embodies reheating equipment. 
The plant particulars are as follows : each 50 MW turbo -alternator 
operates at 600 p.s.i. and 800° F. at the stop valve. Two boilers 
and two reheatcr boilers serve each turbine, the latter being situated 
in the boiler house near the end adjoining the turbine house. This 
reduces the length of pipework from the turbine to the rehcater 
boilers. The initial installation consisted of three 50 MW turbo- 
alternators and the following boiler plant : — 

Four 156,000 lb. por hour M.C.R. stoker-firod boilers. 

Two 156,000 ,, ,, „ pulverisc/l fuel boilers. 

n25,000 „ „ stoker-fireil reheator boilers. 

Four < Approximately 180,000 lb. i)er hour of stoam is reheated from 
520° F. and 115 p.s i. to 825° F. at the same })ressure. 
r 125,000 lb. per hour M.C.K. pulverised fuel reheater boilers. 

Two < Also ca])ablo of reheating 180,000 lb. of steam per hour under 
above conditions. 

The boilers have a safety-valve load of 710 p.s.i., the final 
temperature being 840° F. Under normal operation the tempera- 
ture of the reheated steam to the turbines is maintained at a con- 
stant temperature of 825° F. by a system of automatic controls. 
Subsequent ])lant extensions at this station provided for reheating 
under the same steam conditions and an overall thermal efficiency 
of 29*59 per cent, has been obtained. 

The largest unit under construction in this country is of 120 MW. 
caj)acity at 1,600 p.s.i. and 1,010° F. reheating to 1,050° F., and the 
boiler will have a capacity equivalent to more than 1,000,000 lb. per 
hr. straight evaporation which should enable a high efficiency to be 
obtained. 


FORCED CIRCULATION BOILERS 

Much attention has been directed to the use of very high pressure 
boiler plants, two of the most common being the La Mont 
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and Loeffler. Pig. 188 illustrates other types. Just as mechanical 
induced tmd forced di’aught has displaced natural draught to enable 
the high rates of combustion to be achieved, so means of mechani- 



A3SOJfPT/0^ S£CTJOf^ 
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Fig. 18 K Alteriuitn’O High rrossuro Boilors. 

cally assisting the indelinite and variable factors associated M'ith 
natural circulation have been adopted. The use of higher steam 
pressures has done much to bring the forced circulation boiler to the 
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fore due to the fact that as the pressure is increased the relative 
densities of steam and water at saturation temperature (upon which 
thermo-syphonic circulation or “ natural circulation depends) 
alter so much. Table 30 shows the variations and Fig. 189 shows 
relationship between pressure and volume. 
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Table 30. Variation of Density of Saturated Steam and Water 


steam Prosaure (lb. per aq. in. 
» abs.) 


200 

350 

600 

1,200 

1,600 

2,000 


Density of Saturated Steam (lb. per 
cubic foot) 


0- 44 
0*75 

1- 29 

2- 77 
3*61 
5-30 


Deiihity ot Water at Satnratici 
'I’enjp. (lb. per cubic foot) 


54-4 

62-3 

49*8 

43'6 

41-8 

39*2 
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Other advantages claimed for forced circulation are :~ 

(1) Use can be made of smaller bore and thinner tul>es for the higher 
working pressures. 

(2) The number of steam and water drums is reduced. 

(3) The heating surface C4in be disposed to obtain the greatest advantage 
of heat transfer. 

(4) Increased evaporation in a given building space. 

(5) Koducod weight with saving in foundations and lower cost per unit 
output. 

(6) Scale formation troubles inshlo the tubes which are allied to sluggish 
circulation are minimised. 



b’lG. J 90. Diagram of Typical La Mont Boiler. 


On the other hand the unit is complicated by the inclusion of 
special pumping plant which absorbs power continuously. To guard 
against failure of this plant it is also necessary to provide elaborate 
protective devices and controls. 

La Mont Boiler. The general features of this boiler will be 
understood in i-eferring to Figs. 190 to 192. The system com- 
prises a steam and water driun from which thfe water is taken 
to the circulating pumps and delivered to the distributing header. 
From tills header it is distributed to the generator tubes by oinfices 
or nozzles, one of which is inserted at the entrance to every tube, 
the size of the nozzle being such as to ensure correct distribution of 
water to each generating tube. The feed pumps, economiser and 
superheater are of standard design. The steam and water drum 
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(there may be two in very large units) is placed in any suitable 
position, and no part of the drum need be exi) 08 ed to hot gases. 
The drum is relatively smaller than that of a natural circulation 
boiler due to the very high rate of water circulation throughout 
the boiler. The circulating pumps are of standard design with a 
single impeller and the glands and bearings are water cooled. The 
pumps are designed to run at constant speed irrespective' of the 
boiler output and the amount of water circulated is about five 
to eight times the boiler output. The power absorbed is small 
and is more than counterbalanced by the saving in radiation loss, 



Fio. 191. Diagram of Circulating Pump System for La Mont Boiler. 

due to the small size of boiler and the saving in mechanical draught 
requirements. A stand-by steam turbine -driven pump may be 
included and arranged for automatically coming into circuit in the 
event of electric pump failure. The circulating pumps discharge 
the water in the headers at a pressure of 30 to 40 p.s.i. above 
the pressure in the drum. The heating surfaces throughout are 
formed of small bore tubing (approximately 1 in.) arranged as a 
large number of elements ; each element may consist of a number 
of tubes welded together and bent to the desired shape, the various 
tubular elements being connected in parallel so far as water circula- 
tion is concerned. Full circulation may be started before lighting up 
and maintained throughout the steam-raising period, thus ensuring 
equal and steady increase of temperature throughout the boiler and 
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eliminating the possible risk of strains due to unequal expansion. 
This boiler is capable of extremely rapid raising of steg»m ; a 
220,000 lb. per hour unit has raised steam from cold to full load in 
twelve minutes and from warm stand-by conditions in about four 
minutes. It is used for both medium and very high steam pressures, 
as will be noted from the following examples : — 

350,000 lb. per hour c;aj)a(iity . 385 p.s.i. and TSO"" F. 

40,000,, „ „ . 1,000 „ and 850a^\ 

Loeffler Boiler. This (Fig. 193) is another form of high pressure 
forced circulation boiler, but differs in principle to the La Mont. 
A proportion of the superheated steam passes into the water in the 
evaporating drum and results in an increased quantity of saturated 
steam entering the steam circulatijig pump. Usually about 
one-third of the steam is taken to the high-pressure turbine, 
the remainder returning to the evaporating drum to complete the 
cycle. The steam is discharged below water level through nozzles. 
Tills steam evaporates the feed water when the boiler is working, 
but for starting-up purposes an external su})ply of low-pressure steam 
is required. Tiie generation of steam in the evaporating drum is 
silent and the pump develops a head of about 70 p.s.i. 

The advantages (claimed by this system of steam generation 
arc : — 

(1) Controlled steam circulation which facihtates the inaintojiance of 
uniformly high steam temperatures under all working conditions. A high 
velocity of dense steam over the heat-absorbing surfaces and eonsetpiently a 
low temperature difference between tube and steam. It is also able to respond 
rapidly to sudden variations in load. 

(2) The use of clean dry steam as the medium for absorbing the heat 
liberated in the combustion chamber ensures absence of boiler scale. 

(3) The blow-down losses are reduced since the boiler can work with a 
higher degree of conoeniratitui of salts than is desirable in ordinary boilers. 

(4) Simplicity in design and construction effects considerable saving m 
building construction and lends itself to adoption in reconstructed buildings. 

The steam circulating pump maintains a positive circulation of 
steam through the tubes exposed to external heat. By adjustment of 
the pump speed the quantity of .steam circulated can be varied over 
a wide range to conform with the steam output required, and by 
the same adjustment the final steam touperature may bo main- 
tained without variation in s])ite of changes in load and alteration 
of combustion chambei’ conditions. 

Sudden demands for steam may be met without waiting for an 
increase in rate of combustion since an increase in the speed of the 
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F’lO. 193. Diagram of Loetfler Boiler. 


pump with a consequent inci-oase in steam velocity enables heat to 
be extracted from the walls of the tubes which act as heat accum- 
mulators. For a short period a large increase m load can be carried 
without any appreciable drop in steam temperature. The pump is 
driven by a low-pressure steam turbine the steam for which may be 
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bled frojn the main turbine, the exhaust steam being utilised for 
feed water heating. Wliilst the pump has to withstand the full 
boiler pressure the power required for its operation is only that 
necessary to overcome the resistance to the flow of steam tlirough 
the circuit. A brief description of the first installation in Great 
Britain of this type of boiler will suffice to illustrate its application. 
The plant is installed in Brimsdown Power Station. 

Boiler steam conditions are 2,000 p.s.i. and 940° F. 
Two boilers — each 210,000 lb. per hour M.C.R. capacity. Designed 
annual thermal efficiency 30 per cent. The plant particulars are as 
follows ; — 

Three Evaporator Drums. Plain cylindrical forging having 
internal dimensions 3 ft. 7 in. diameter, 27 ft. long and shell thick- 
ness 3^ in. The ends are of flat plates 12 in. thick screwed into the 
drum and seal- welded, an external slirunk ring also being fitted. 
All connections are arranged on the drum-ends and a manhole is 
provided at one cud for inspection purposes. The material is 30 to 
40 tons Siemens acid open hearth steel. 

Steam Circulating Pumps. One per })oiler, of the single-stage 
type with over-hung stainless steel impeller, driven by variable 
speed stcajn turbine having one velocity and six impulse stages at 
2,000 and 0,200 r.p.m. The steam supply is obtained from the 
auxiliary system and is exhausted from the turbine into the de- 
aerating and evaporating plant. 

Radiant Superheater. Heating surhice 2,230 sq. ft. made up of 
192 chrome -molybdenum steel tubes 1 in. cxtenial diameter and 
0-232 in. thick. Outlet temperature 780° P. All-welded construc- 
tion witJi flang(\s at suitable points to facilitate dismantling. 

Convection Sui^erhcater. Heating surface 8,000 sq. ft. made up 
of 114 coils in chrome-molybdenum steel tube 2jV in. external 
diameter and 0-244 in. thi(;k. The tubes are arranged at a horizontal 
pitch of 2^ in. (staggered) and a vertical pitch of 8 in. 

Flue Gas Rcheater. This reheats the steam at 200 to 240 
p.s.i. from about 480° F. to 820° F. It comprises two 25-in. 
internal diameter carbon steel drums connected by 228 2-in. 
external diameter tubes giving a total heating surface of 0,800 sq. ft. 
The tubes are in the form of hairpins and expanded into the 
drums. There are two passes on both steam and gas sides. 

Economiser. Heating suface 24,938 sq. ft. designed to heat the 
feed water from 330° F. to 520° F. 

Air Preheaters. Two per boiler. Total heating surface 23,360 
sq. ft. Designed for : — 



412 


ELECTRIC POWER STATIONS 


Air 332" F. and gas 278 ' F. M.C.R. 

Air 314° F. and gas 251° F. N.E.R. 

Sinker. 'JViu type — 25 ft . wide by 23 ft. long. 
Grate ai’ea 575 sq. ft. 
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Fio. 1 94. J3oiler Steam Pipework. 

Twenty- two secondary air nozzles in front wall of combustion 
chamber arranged so that alternate ones can be cut out of service 
on light load. The boiler units are of welded construction, the 
welding being built separately in the form of a strong reinforcement 
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at the joints. After completion it was normalised by heating to 
between 890° to 930° F. by means of a sectional gas burner and then 
allowed to cool very slowly. Small bore tubes were brought up to 
temperature by means of an oxy-acetylene torch and then allowed 
to cool in a small muffle. The majority of tlic welds in the boilers, 
headers and external piping were X-rayed to ensure a high standard. 
There are no expanded joints in the high pressure parts of the boilers. 



A steam turbine drive was considered the simplest and most reliable 
for the steam circulating pumps where a v ide range of speeds was 
required . 

MOUNTINGS AND FITTINGS 
The mountings and fittings required v ill depend upon the steam 
pressure and boiler capacity. 

Valves. A list of valves for a 190,000 lb. per hour, 700 lb. p.s.i. 
boiler is given. 
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Main steam st(^p valve at superheater outlet. 

Main automatic isolating valve at superheater outlet. 

Feed cliook valves — controllable non-return with cushioning dashpot. 

Feotl regulating valves — controllable non-return with cushioning dashpot. 

Feed control valves — for isolating purposes. 

Boiler safety valves — spring- 
loaded high lift, one valve to have 
pilot safety valve. 

Superheater safety valve — 
spring-loaded high lift. 

Economiser safety valve — 
s])ring- loaded valve. 

Economiser feed inlet valve- -' 
controllable non -return witli 
Cl ish inning dashpot. 

The Hylif safety valve 
(Hopkinsons Ltd.) provides a 
valve of maximum discharge 
capacity for high-duty boilers. 
When the steam pressure rises 
to the set value, the valve dis- 
charges with a small lift, on tho 
principle of an ordinary safety 
valve. This initial opening 
allows the escaping steam to 
exert its pressure over the full 
area of the valve face and increases tho lift until the face of the valve 
enters the valve guide, when tlie steJim is deflected downw ards by the 
edge of the guide and the consequent reaction pressure lifts tho valve 
to its fuU-opcii position. At this initial stage of valve lift, the dis- 
charge area between the seat and the valve equals the net area 
through the seat and tlie discliarge capacity has reached its maxi- 
mum. When the discdiarge j)res8ure has been relieved the valve 
begins to close and as it emerges from the valve guide the reaction 
ceases and the valve shuts down cleanly. 

The safety valve settings may be as follows : — 


De.signed drum jire.ssuro 

7IOp..s.i. 

Superheater 

. 055 „ (two valves). 

Boiler — Iwt valve 

. 095 „ 

2nd „ 

. 700 

Boiler — 3rd\Hl\c 

. 700 „ 

4th „ 

. 750 „ 

Pilot Valve on 4th Valve . 

. 055 „ 

Economiser Safety Valve . 

. 875 „ 


I — I 

I I 

I— -I----- ;---j 


/Sad.A77/VS 
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Fia. 190. Boiler Food Pipework. 
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In addition, each boiler is fitted with ihe necessary l:>low*dowTi 
and drain valves. The valves required and their positions are 
shown on Figs. 194 to 198. 





Superheater safety valves are sometimes fitted with a stop 
valve in series to isolate the safety valves after blowing and facilitate 
repairs without taking the boiler off the range. The sui>erheater 
safety valves usually have lower settings and blow-off first thus 
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Reference 

Typo of Valve * 

Service 

No. 

A 

5 in. Parallel Slide 

Main Feed .... 


B 

5 in. Parallel Slide . 

Reserve Feed .... 


C 

5 in. Parallel Slide 

Direct Feed and Regulator By-Pass 


D 

5 in. Parallel Slide 

Regulator By -Pass 


E 

in. Stop and Non- 
Retum. 

Boiler Feed Check 


F 

5 in. Combined Stop 
and Non -Return 

Economiser Inlet Feed, “ Con- 
trollable.” 


F, 1 

6 in. Combined Stop 
and Non-Return. 

Direct Feed Hand Regulation 


G 

5 in. Combined Stop 
and Non-Rotum. 

Economiser Outlet Feed, ” Con- 
trollable.” 
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piiHuring pasf^agc of strain IJiroiigli tlic superheater,, and preventing 
over-heating of tubes. 

Feed Water Regulator. (Vuitrol of feed water to l)c)ilcrs is 
afforded by automatic and hajid-regulated valves, the former 
being actuated by the varying water level in the boiler drum. An 
automatic feed regulator governs variations in the water demand 
of the boiler and stabilises the level in the drum. The regulator 
should be capable of adjusting the pressure difference across the 
valve due to varying pressure in the feed water system. 

The Cope’s “ P"lowmati(; ” regulator (Fig. 199) is responsive to 
the rate of steam demand as measured by pressure drop across the 
superheater, with an over-riding control by water level in a thermo- 


SUPERHEATER 



stat tube. A sudden increase or decrease in steam demand thus 
ensures a correspemding adjustment of feed flow before the water 
level has sensibly altered. 

Feed regulators incorporate steam and water-flow governing 
with an over-riding drum level control as a safeguard against 
changes of water volume with rapid load variations. 

Some types of regulators cut off the water completely and rapidly, 
and are liable to set up surges and water hammer in the feed lines. 

High and Low Water Alarms. External type with whistle 
indicating a low level distinct in tone from that indicating a high 
water level are included. Guards are provided to prevent a demger- 
ous discharge of steam. 

Repeated testing of high water alarm may result in carry-over 
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of water and salts to superheater causing deposits in tubes to such 
an extent as to overheat them and (!ause failure due to bulging. 
High water level causes ]niming. The alarms may be tested by 
isolating the steam and water sides from the drum. 

Water Level Indicators. Two water level indicators are fitted, 
one on each end of the rear steam drum. The Factories Act 
requires one water level indicator. The range should be such 
that swelling and shrinkage of level due to load change is 
allowed for. There should be a definite indication of the water 
column in two colours, visible at^a height of about 5 ft. above 



Fig. 200. Water Alarm, Gauges and Indicator. 

D — i in. slide valves. 

H — I in. slide valves. 

W — 1 in. slide valves, 

operating floor level, an^ a remote water level indicator (Pigs. 
200 and 201) may also be included. The water pipes from drum to 
gauges should be level otherwise inconect levels may be indicated. 
There is a difference in density between the water in the boiler 
and that in the gauge glass. Water in the boiler is lightened 
by steam bubbles and is also warmer. A difference in level may 
be noted after blowing glasses down. Incorrect levels are also 
possible due to the varying temperatures of water in glasses and 
drums. Incorrect level in the two- and three-drum types is primarily 
due to the above, whilst pressure differences occur in each drum and 
force the level in one with corresponding reduction in the other. 
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Television has been used in 
America for viewing the boiler 
gauge levels in the control room 
which is placed midway between 
the turbine and boiler houses. 

Sampling Apparatus. A con- 
nection to the lower (mud) drum 
(Fig. 202) enables samples of 
water to be withdrawn for 
testing purposes. If water 
treatment such as phosphate 
charging is in use, a sample 
from the steam drum is necess- 
ary to ascertain if carry-over 
is taking place. A small tubular 
condenser or a coiled tube in a 
bucket of water is quite satis- 
factory. 

Sooting and Cleaning of 
Boilers. A most irn portant item 
in efficient boiler operation is 
the regular cleaning of soot, 
dust and deposits from tube and 
clement surfaces since any form 
of deposit will rediute heat t raiis- 
fer. The essential requirement 
of a soot blower is that the nozzle .should give a jet of uniform velocity , 
without the risk of scouring or thinning tubes by an excessive velocity 
in some part of the jet. The blower should also rotate to reach every 
part of the area in which it is located. Soot blow^ers (ash or fly- 
ash blowers, siric^e very little soot should be juesent if good com- 
bustion is maintained) should 
maintain the external heating 
surfaces of boiler, superheater, 
economiser and air healers in a 
clean and efficient condition. 
Tlie blowers may use super- 
heated steam, saturated steam 
or (compressed air. Superheated 
steam is usual but saturated 
steam is better since the 
effectiveness of a soot blower 
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Fig. 201 , Komoto Water Level Indi(;aior. 
(Hopkinsons Ltd.) 
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depends on tlio dynamic force and there must be mass as well as 
velocity. 

Compiessod air is expensive sincjc a compressor is required, and 
unless heating is incorporated the air enters the boiler-gas passages 



Boiler Unit . — Three single-nozzle tyjje blowers through front wall of combustion 
chamber. 

Four multi-nozzle type blowers to clean superheaters. 

Four multi-nozzlo typo blowers to clean last two passes of the 
boiler. 

Economiser Unit . — Four special typo blowers. 

Air Hraler Urnt.—T^wo special slotted nozzle type blowers. 

% 

at a low temperature. Compressed air at 120 p.s.i. has been used 
on air lieaters. It is possible to cool the gases below their dew-point, 
causing (corrosion in the neighbourhood of the blowers. The blower 
piping is thoroughly warmed and drained before commencing 
blowing operations to reduce deposits on economiser, superheater 
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and air lieater tubes, etc*., as a result of moisture. Soot bloAving 
with both air and steam appears to offer better results than either 
medium alone. So far as effectiveness of soot bloAving is c^oneerned, 
superheated steam may be regarded as an intermediate stage 
between saturated steam and compressed air. It has been found 
necessary to discontinue steam soot blowing on some economisers 
to increase the length of time between cleanings. 



0 -- S pot 

4 - /k Afiu.r/MHZL£ 7r/>£ 

Fkj 204. Layr>iit of Soot lUowcrs for 130,000 ll>, por liour Boiler. 

For efficient soot blowing the position of the blowers is important . 
The nozzles and tubes of the blowers in the boiler are subjected to 
liigh working temperatures and should bo designed and constructed 
to withstand these. In the cooler parts of t he boiler non retractile 
blowers are used, but in the hot parts, the blowers advance into tlie 
furnace, rotate and blow, and are retracted again. For difficult 
locations, a devicie known as the rack-type blower is used, which has 
a very long retractable head, having tw'o nozzles at the end.* As it 
enters the furnace, it revolves, so that the jets trace out a helical 
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path. (Jalorise^d itibes are emploj^^ed and the following relate to a 
set of bloweis fitted to a large stoker-fired boiler and operate at a 
])resHnre of 700 p.s.i. and TSO"^ to 800^^ F. 

Three blowers in froiiA wall of combustion chamber. 

Non-withdrawal gun or single nozzle type. Nozzle to rotate through 
360®. Nozzle is a malleable ca.sting treated on the outside by a special heat 
l)rocess and gtiaraiiteed for a continuous temperature of 1 ,000® 0. 

Four blowers to clean su])crheaters. 

Non-withdrawal multi-nozzle ty]K\ 

Two rotate through 120‘\ 

Two rotate through 155®. 

Flernents of weldless hot-drawn mild steel specially heat treated on the 
outside, including nozzles, guaranteed for a continuous temperature of 
1,000® C. 

Four blowers in last two boiler [)ass(»s. 

Two rotate througli 215®. 

Two rotate through 250®. 

Elements of weldless hot draw n mild steel. 

On large modern boiler plants it is now' usual for tlie soot blow'ers 
lo be operated in the correct sequen(;e so that deposits ai*e not blown 
fi’oni one location to anotiier which lias just been cleaned. This is 
(jarried out by automatic timing and control gear operating through 
electric or hydraulic servo-mechanisms. 

Facilities should be provided for washing out a boiler internally, 
a water system with hose pipes being usual for tube cleaning, etc. 
An electrically-driven scaling tool, with an adequate length oi‘ 
flexible shaft, a range of cutter licads and brushes together with sets 
of tube expanders and cutters are provided in the maintenance 
ccpiipment . 

Figs. 203 and 204 sliow two soot blowing arrangements. 

Water Lancing. Water lancing of superheaters has been resorted 
to in an endeavour to extend the availability of boiler plant. 
Some idea of the data collected wdll be obtained from Table 31. 

Care is necessary wdieii carrying out w^ater lancing, especially 
after a reasonably long (800”1,000 hours) period, otherwise there 
may be a sudden drop in RU{)erheatcr outlet temperature resulting 
in straining of joints with consequent leakages. Such effects have 
ba^ observed on two-stage superheaters where the bottom half of 
oiie secondary superheater became choked and aggravated condi- 
tions. 

The type and position of superheater will affect operating 
conditions relative to water lancing and each case must be con- 
sidered on its own. 
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Table 31. Water Lancing of Superheaters 


Items 

Units 

“A" 

Stations 

“B” 

“C" 

Boiler M.C.R. capacity . 

Ib./hr. 

170,000 

250,000 

200,000 

Load during lancing 

99 

170,000 

200,000 

1 80,000 

Coal consumption 

tons/hr. 

7 

10 

9-5 

Number of spraying points 

2/8ido 

4 

4 

4 

Spraying time at each point . 

min. 

30 

1 50 

20 

With extension 


jr> 

7.5 

10 

Without ,, 


15 

75 

10 

Total lancing time 

Hr. 

2 

10 

u 

Steaming periods between lancing 


1,000 

500 

2U0 

Dia. of pipe .... 

in. 

1 

1 

1 

.(\-in. holes in pipe 

No. 

0 

s 

() 

Water pressure .... 

p.s.i. 

45 

so 

100 

,, consumption rale 

g.p.h. 

030 

1,200 

1,300 

Water through boiler l^etwoen lane- 





ing periods : — 

ost’d 




Combustion of fuel . 

tons 

3,700 

2,500 

1,0.50 

Soot blowing .... 

»» 

400 

310 

180 

Water lancing . 

,, 

0 

50 

7 

Cas outlet economiser . 


370 

300 

.500 

,, ,, Air heater . 

Steam temp, at superheater outlet 


350 

300 

2t»0 

before lancing .... 


soo 

700 

810 

Ditto after lancing 

,, 

825 

S05 

850 

Type of superheater 

- 

Single -stag! • 

Tliree-pass 

'fwo staL^e 


Horizontal 

Tneliued 

Horizontal 


The water spray should be kept away from brickw^ork, 
tube headers, superheater supj)orts, etv. Failure of superheater 
blowers to prevent choking and consequent reduction in steaming 
hours (800-1,000) and the fact that a gang of men is required for 
band-cleaning has led to greater use of water lancing. 

Steaming hours per boiler have now risen from 1,000 to 15,000, 
and although the efficiency is impaired during lancing periods, 
this method is simple and requires little maintenance. Water 
lancing is done wliile the boiler is on load and preferably with the 
air heater by-passed on the air side so that the temperature of the 
air heater elements is the same as the exit gas temperature. 

General. Boiler availability was improved on one pulverised fuel 
station by the following : (1) Efficient and adequate number of soot 
blowers suitably placed and operated once per 8 hr. shift ; (2) 

Spacing and staggering of tubes in front bank ; (3) Unit system — 
no discharge flue gases used for coal drying ; (4) Air heater — copper- 
bearing steel for plates and wider spacing developed in gas path 
(increased from § to | in.). There are two types of external deposits 
-high temperature and low temperature. The effects of the former 
appear to have become more severe as t he surface temperature of the 
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boiler and superheater tubes has increased with the continued 
increase in steam pressure and temperature and in some stations 
with an increase in sulphur or chlorine content of the coals supplied. 
Bonded deposits are the result of the flyash adhering to the sticky 
Jayers of sodium and potaswsium sulphates and bisulphates which are 
formed by the affinity that sulphur trioxidc lias for the dust-laden 
gases. The suljihur trioxide in turn is the result of oxidation of the 
sulplmr dioxide present in the flue gases and this oxidation is 
ac(iC‘leraled by the catalytic action of the rust layer on boiler and 
superheater tubes. Choking and corrosion of air heaters are the 
result of the presence of sulphur trioxide in tlie flue gases and is due 
to the great increase fn the dewpoint temperature that can result 
from the presence of very small quantities of sulphur trioxide. 
There does not appear to be any complete solid ion to tliesc problems. 
Experiments have been made with superheater tubes and air heater 



Fig. 20o. roint.s of Moasuroment in Boiler Food Pipework. 
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elements, protected by a film of aluminium and by w)ating with 
lime slurry. 


INSTRUMENTS 

The instruments for boiler house service are now receiving much 
more attention and rival the indicating and recording equipment 
usually associated with the electrical control room. 

Feed Water Supply. The instruments in this system comprise 
feed water flow recorders and integrators, both being operated 
from the same venturi tube or pressure difference device. Peed 
water inlet and outlet temperatures (economiser) from common 
temperature indicator (electric resistance thermometer), and pressure 
gauge (economiser inlet) (Fig. 205). 

Other instruments associated with feed water are : — 

Dissolved oxygen recorder to check on possible boiler corrosion, 





Fio. 20G. Points of Measurement in Boiler Steam Pipework. 
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fialinometer and perhaps a pH meter. The oxygen recorder is dealt 
with under turbine instruments. 

Steam Supply. Steam flow indicator, and steam flow/air flow 
indicator, both operated from same pressure difference device, 
temperature recorders and temperature indicators (electric resist- 
ance thermometer), pressure gauges for saturated and superheated 
steam ; sometimes a steam flow recorder and integrator is used 
(Pig. 206). 



(1) 166° to 160*’ F, (1) Normal load. 

(2) 140° to 156° F. (2) Maximum continuous load. 

Fig. 207. Points of Measurement in Boiler Coal and Air Pipework. 


Fuel Supply. The weighing of coal is a fundamental measure- 
ment and the more accurately it is effected the more confidence will 
there be placed in the station returns. The importance of weighing 
coal correctly will be appreciated when it is understood that the 
boiler house efficiency is wholly dependent upon correct returns. 
To weigh coal correctly is a much more difficult problem than is 
generally realised and a considerable error in stock can be easily 
made unless care is exercised. 

The measuring of the coal put into a boiler may be by indepen- 
dent weighing machines in the down chutes from the bunker to the 
stoker or mills. Coal meters fitted on stokers give the total quantity 
of coal supplied to the grates, also the rate per hour at which this is 
supplied. 

In pulverised fuel plants a sampling point (Pig. 207) may be 
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inoluded in the fuel pipe. The safe storage of pulverised fuel or small 
coal in bunkers is facilitated by level indicator, lamps or audible 
alarms indicating a bunker running empty or full. 

Air Supply. Draught gauges, temperature indicators (electric 
resistance thermometer), temperature recorders, and air flow indi- 
cators and recorders are usual (Fig. 208). Nitrogen gas actuated 
temperature recorders are also used for air and flue gas temperatures. 



(1) Normal load. 

(2) Maximum continuous load. 

Fig. 208. Points of Measurement in Boiler Air Circuit. 

Flue Gases. Draught gauges, temperature indicators, tempera- 
ture recorders, COg indicators and recorders (Pig. 209), are usual 
and CO meters and smoke density meters may be included. 

Considerable variations in gas temperatures may be obtained 
at different points of a duct, air heater or economiser and check 
points for mercury in glass thermometers should be provided. 

A fall of CO 2 percentage does not always imply too much air, 
it may be due to insufficient air. When this occurs combustion is 
incomplete and part of the carbon turns to CO instead of COg 
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giving out only about one-third of its available heat. An electrical 
CO meter i>ermits correction of this fault 

Draught gauges give an indication of the balance of draught 
throughout the boiler and the t ightness of the baffles and brickwork. 



The CO3 indicator or recorder indicates the efficiency of combustion, 
too low a reading usually implying excess air, and too liigji a reading, 
insufficient air. The presence of CO is an indication of incomplete 
combustion, often due to insufficient air. 

A typical list of instruments and points of measurements for 
a large boilej* is given. 
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12 ill. pressure gauge (superheatcxl steam). Boiler side of stop valve. 
12 in. pressure gauge (saturated steam). Rear steam drum. 
Nine-point draught indicator. 

Pressure under grate L.H. 

>» 99 99 R.H. 

Combustion chamber L.H. 

» R.H. 

Boiler exit (two-way cock L.H. and R.H.). 

Economiser exit (two-way cock L.H. and R.H.). 



Fig. 210. Points of Measurement in Boiler Feed Pipework. 

Air heater gas exit L.H. 

99 99 99 R.H, 

Secondary air pressure (two-way cock L.H. and R.H.). 
12 in. feed flow recorder and 6 in. feed flow integrator. 

Venturi tube on economiser feed piping. 

12 in. steam flow indicator. 

Pressure difference device in steam main. 

10 in. COa indicator, 12 in. CO.^ recorder. 

Economiser outlet. 

Steam flow/air flow indicator. 

Steam main and gas <lucts. 
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The latter is two meters in one, a steam flow meter operated 
by the differential pressure across an orifice plate in the main steam 
pipe, and the air flow meter which is actuated by the differential 
pressure between the first and last pass of the boiler (or in the gas 
ducts), this varying in proportion to the flow of air. 


fJNwr Srs^Uf Sr£AAf 



12 in. Duo air temperature recorder. 

Air to grates L.H. and R.H. 

1 2 in, steam temperature recorder. 

Boiler side of stop valve. 
Twenty -point temperature indicator. 
Steam before stop valve. 

Gases leaving boiler L.H. 

„ R.H, 

„ „ economiser L.H. 
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Getses leaving economiser K.H. 
,, „ air>heater L.H. 


>» »» »» R.R, 

Air entering „ L.H. 

»t »» tt R.H. 

,, leaving „ L.H. 

i» *» }« R.H. 



Fia. 212. Points of Measurement in Boiler Air Circuit. 

Air entering secontlary air nozzles L.H. 
i» »» »> fj >» R.H. * 

,, under grates L.H. 

,, ,, ,, R.H, 

Water entering economiser. 

„ leaving 

12 in. pressure gauge feed water. 

Inlet to economiser. 

The points of measurement are indicated on Pigs. 210 to 213. 
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Instrument Panels. The best position for boiler instrument 
panels appears to be the firing or operating floor. 



Fig. 213. Points of Measuremont in Boiler Gas Circuit. 


The position (Fig. 214) depends upon the arrangement of the 
boilers, and the method of combustion control. 

In some cases the panels have been grouped and placed in a 
separate control room (Fig. 215) in or adjoining the boiler houses. 
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They can be placed in front of the boiler bunker columns if space is 
allowed for access. The tubing and cables can enter the panels 
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Fig. 214. Alternative Arrangements of Instrument Panels on Boiler 
Operating Floor. 


from beneath tlie liour and be taken direct to their respective 
instruments and controls. Tlie design and arrangement of the 
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panels and instruments are important ; what may appear to be an 
ideal layout on paper may in practice fall short of expectations. A 
panel can be made of steel plate and angle framing having an enamel 
finish (Fig. 216). The panels should be dustproof, holes in the fioor 
for the tubing and cables being sealed, particularly where a dusty 
basement is directly below. Whether the panels are arranged in 
cubicles of rectangular or triangular formation, it is an advantage to 
provide an access door at each end. Although the triangular forma- 
tion has the advantages of reduced floor space, better appearance 
and easier control of a number of boiler units from a central position, 
there is a tendency for the operator to look at the instruments 
from an angular positi6n. The latter may give rise to inconvenience 
unless the illumination is suitable for each type of instrument. 
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Fio. 215. Combustion Control Room adjoining Boiler House. 


The instruments should be so arranged that they can easily be 
seen and selected at will. From the point of view of keeping check 
on the operating conditions of the plant, only essential instruments 
should be included. If too many records or readings are obtained 
considerable time and qualified staff are required to compute results. 
Unnecessary markings on the scales should be omitted, and the 
nameplates designating the various instniments and points of 
measurement, etc., should be plain but conspicuous. Open scales 
are preferable to cramped scales as the operators can see at a glance 
the gauge or chart readings. 

The projecting types have largely been superseded by the fiush 
mounted type. This type enables the instruments to be arranged 
to best advantage on the panels, and the appearance of the panels 
and instruments is improved. The remote control switches and 
ammeters for the draught plant motors can also be mounted on the 
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panels. The lower portion of the panel is probably the best position 
for the electrical apparatus can be grouped and kept apart firom the 
other equipment. 

The positions of entry and exit of the tubing and cables &ould, 



Fiq. 216. Boiler Control Panel, Battersea Power Station. 

if at all possible, be available early in the plant construction period, 
so that provision can be made, thus avoiding unnecessary cutting 
later. 

Good general lighting is used and appears to have given satis- 
faction. Probably the ideal method, although not so simple to 
apply, would be to light the instruments individually. Low voltage 
lamps of relatively high wattage are suitable and a transformer 
would supply the current at the desired voltage. 

It is advisable to provide emergency lighting and an independent 
circuit fed from the station battery is the usual arrangement. 
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The following instruments arc mounted on the i)anels : — 

Saturated steam jiressure gauffe. 

Superheated „ „ ,, 

Economiser pressure gauge. 

Draught indicator. 

Feed water flow recorder. 

,, ,, ,, integrator. 

Steam flow indicator. 

Steam flow/air flow indicator. 

Distance temperature indicator. 

GO 2 indicator and recorder. 

Superheater <!ontro] apparatus. 

Remote master conti’pllers for induced and forced drauglit fan motors. 
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Fig. 217. Typical Boiler Instrument Panel. 

A — Multi -point draught and pressure gauge. 

B — Superheated steam pressure gauge. 

C — Saturated steam pressure gauge. 

D — Steam flow indicator. 

E — CO 2 recorder. 

F — Two pen air temperature recorder. 

G — Feed water flow integrator. 

H — Steam temperature indicator (H2 — alarm lamp). 

I — CO 2 indicator. 

J — Steam flow/air flow indicator (J2 — adjustment). 

K — Multi-point temperature indicator and switch. 

L — Feed water flow recorder. 

Ml and M2 — Switches with double pilot lights i 
N — Steam temperature controller Superheat control. 

O — Remote control. ) 
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Feeder motor starters (pulverised fuel units). 

Vane or damper control units for induced and forced draught fans. 

The ammeters for the secondary air fan and stoker motors 
can also be mounted on the panels but this is not essential and it 
may be better to fit them to their individual starters. 

Automatic Boiler Control. This is generally considered to be 
most advantageous where the load on tlie boiler plant is subject to 
frequent variations and/or where it is essential to maintain a constant 
steam pressure. 

In a base-load station such control is of great assistance in main- 
taining a constant steam pressure, and if superheat control is 
provided, a constant superheat temperature. A better average 
station efficiency as compared with manual ciontrol should be 
obtained. A base-load station has a reasonably steady loading 
for the greater part of a day, but it is still necessary to raise and lower 
load at given times, and automatic control enables the boiler plant 
to be maintained at the best possible efficiency during these periods. 
Automatic; control will generally result in an improved steam 
pressure line and a higher average boiler efficiency with a justifiable 
saving in fuel. 

In secondary stations it is perhaps of greater benefit due to the 
more frequent load changes (see ako Chapter XVIT, Vol. 2). 

Boiler Performance Data. The data given in Tables 32 to 37 
are included for the purpose of comparison only, as the conditions 
of operation together with the circumstances obtaining will greatly 
affect the performance and costs. Further data are given in 
Volume II. 


Table 32. General Data 


Type of Hoiler 

Chain (Jratn Stoker 

Actual evaporation lb. /hr. ..... 

150.000 N.E.H. 

187,500 M.C.R. 

Equiv. evaporation from and at 212'* F. Ib./hr. 

188,250 

235,313 

Factor of evaporation ..... 

1-25 

1-25 

Steam pressure at superheater outlet, p.s.i. . 

02.5 

625 

Steam temp, at superheater outlet, °F. 

850 

860 

Pressure drop through superheater, p.s.i. . 

20 . 

40 

Water temp, at economiser inlet, ®F. 

Water temp, at economiser outlet, °F. 

250 

260 

300 

376 

Coal burnt per hour, lb. . 

18,000 

23,600 

Coal burnt per sq. ft. of effective grate area per 
hour, lb. • 

40 

60 

Max. heat liberated per cubic ft. of combustion 
chamber volume. B.Th.U. per hour 

19,300 

24,200 

Total heat input per lb. of steam. B.Th.U. 

1,218 

1,218 

Guaranteed overall efficiency, per cent. 

85-5 

84-6- 
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Table 33. Heat Losses 


Heat given to steam. 

Loss in dry flue gases 

Lobs due to moisture and combustion in 
hydrogen ..... 
Loss due to combustion in ash . 

Loss due to radiation 

Loss unaccounted for 

Total . 

per cent. 

ff 

f « 

86-50 1 

4-54 

4-64 

1-60 

2-20 

1-62 

84-50 

5-16 

4-69 

2-00 

2-00 

1-66 

10000 

100-00 

Table 34. 

(702 


COg in combustion chamber 

per cent. 

14-00 

14-00 

CO| at boiler exit .. .. 


1.3 76 

13-76 

COg at chimney inlet 

- 

12-26 

12-25 


Table 35. Air and Flue Gas Particulars 


Air at preheator inlet 
Air at preheater outlet 
Air at stoker inlet . 

Gas at boiler outlet . 

Gas at economiser outlet . 
Gas at preheater outlet 
Air at preheater inlet 
Air at preheater outlet 
Air under grate 
Gas in combustion chamber 
Gas at economiser inlet 
Gas at economiser outlet . 
Gas at preheater outlet 
Air required at preheater inlet 
Gas at preheater outlet 


temperature 

90 

90 

• 

246 

260 


235 

260 


690 

775 


375 

415 


240 

270 

. pressure in. W.G. 

3-0 

4-9 

• 

2-0 

3 4 

• 

1-6 

2-8 


0-1 

0-2 


1-36 

2-45 

• 99 

2-4 

4-2 


3-6 

6-0 

.volume cub. ft./min. 

53,400 

67,200 

83,800 

109,600 


Table 36. Comparative Prices of Boiler Equipment 


Boiler with mountings ..... 

54-00 

Superheater (with temp, control) 

7-20 

Economiser ....... 

8-20 

Stoker ........ 

8'50 

Air preheaters . ... 

4-40 

Forced draught plant 

3-10 

Induced draught plant with grit arrestors 

6-60 

Chimney (steel) ....... 

2*80 

Soot blowers ....... 

0-90 

Instruments ....... 

1-40 

Auxiliary Switchgear ...... 

2*00 

Flue dust plant 

0*90 

Total .... 

100 per cent. 


Fig. 218 gives gas volume data. 
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Table 37. ('Omparative Prices of Boiler Equipment 


Boilor and sui)erhoaloi’ ....... 

4600 

Economiser ......... 

9-00 

Air heator ......... 

9-00 

Draught plant ........ 

14-00 

Stoker ......... 

11-00 

Chimney, asli, vacuum and plants, soot l)lowers 

10-00 

Instruments and controls ...... 

2-00 

Total .... 

100 per cent. 


Pulverised Fuel Data (1935/38). 

Hammer Mill (one working year) (Impax.) 


Units (kWh.) consumed per ton of coal . 

. 30 

Materials cost per ton of coal . 

. 30(kf. 

Labour (maintenance) per ton of coal 

. 0-45i. 

Attritor Mill ; 


Maintenance cost per ton of coal . 

. 3-0()(i. 

Other costs per ton of coal . 

. 3-50af. 


Banking Losses, 

0*6 cwt. coal per 10,000 lb. of boiler steam capacity. Over 12 
hours outage it may be better to burn off and relight. 

Auxiliary Power, 

Chain Grate Stoker — 0-96/0-98 kWh. per 1,000 lb. of steam per 
hour on test. 1-0/1 4 normal running. Retort Stoker — 1 -4 on test, 
1-7/1 *9 normal running. A good average figure for a unit-fired plant 
is 2 kWh. per 1,000 lb. of steam per hour on test and about 15 per 
cent, higher for normal running conditions. These are for Roller 
Mill plants, but for Ball Mills a figure of 2-5 kWh. would be general 
on test. For Central-fired plants the average figure v^ould possibly 
bel-9to2kAVh. 
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PIPEWORK 

The principles to be followed in all sections of pipework may be 
summarised as : — 

( ] ) The systems adopted must ensure maximum reliability of the plant 
servefl. In certain sections it may be essential to have complete duplication. 

(2) It should be possible to carry out inspection and maintenance on any 
section of plant without the need for complete shut-down. 

(3) The pipes for the main steam, feed water, and circulating water systems 
should be of sufficnent size to allow for extensions to the station. The pressure 
drop is reduced by increasing the pipe sizes, but the cost is greater. The 
auxiliary plant power in the feed and circulating water systems is also reduced. 

(4) The routes chosen should be as direct and simple os possible, keeping 
in mind the need for an uncrowded layout and isolation from other sections 
of plant such as switchgear, transfonners and cables, etc. 

(5) Valves and interconnecting pipes should be as few as possible, but the 
necessity for sectionalising and load transfer in times of emergency, inspec- 
tion, or maintenance, should not be overlooked. Valves should be placed 
and grouped to facilitate operation. 

(6) Consideration should be given to the efficient drainage of all pipes 
although the number of drainage points should be as few as possible consistent 
with safety. An adequate number of air release valves should be provided 
throughout the various pipework systems. 

(7) Provision should be made for exj)anHi(>n and contraction, and the full 
benefits of the normal routes made use of to achieve the desired degree ot 
elasticity. 

(8) The pipes should be made in the longest j)ossible lengths to reduce the 
number of joints. Joints and jointing materials should be standardised. 

(9) Template pipes should be as few as possible, to reduce erection time. 

(10) The use of trenches for the more important services is not recom- 
mended. Trenches and chases may be used ft)r the smaller pipes, particularly 
in the vicinity of the turbines and its auxiliaries. If pipes are placed in an 
orderly manner they are always in sight and accessible ; a leaky joint or other 
defect being brought to notice at once. The supports, anchors and joints 
should all be in accessible positions so that inspection is possible throughout 
the life of the plant. The anchoring [joints should be examined at regular 
intervals to ensure that the fixings are in good order, otherwise undue strains 
may be imposed on certain joints. When pipes are placed in trenches leaks 
may go imdetected for quite a time, and a trench is liable to become a recep- 
tacle for rubbish. 

(11) Particular care is necessary in the erection of pipes connecting up to 
such items of plant as condensers, pumps, etc., to prevent undue strains 
being put on the brancheH, Serious damage wdll result unless special care is 
taken. In some cases the “ closers ” should have expansion pieces to give 
the desired degree of flexibility. Pumps may be pulled out of alignment and 
require complete re-erection. 


442 



PIPEWORK 


443 


Main Steam Pipework. The main steam pipework comprises the 
pipes running from the isolating valves on the boilers to the turbines 
vid steam receiver, together with interconnecting pipes which may 
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bo included to transfer steam as requirofl. Figs. 219 to 221 slio^v 
typical schemes. The pipe-work should be run as direct as possible, 
liaving regard to aj)|)earance and j^rovision for expansion. All 
piping should be arranged with a gradual fall towaids the steam 
receivers for drainage, and where possible such falls should be in the 
direction of steam flow. The obvious route will usually provide all 
that is desired so far as expansion is concerned. If a wire model of 
each alternative pipeline be made, there will be no difficulty in 
ascertaining which is the more flexible. In very large boilers — 
500,000 Ib./hr. and over — it is usual to employ multiple steam and 
feedwater pipes, the purpose of which is to provide greater flexibility 



Fio. 220. Steam Pipe System for 100 MW Station (Poiltirs, 300 p s i 

750^* F.). 

of connection, always a problem with high tem])erature, high- 
])ressure piping, where tJie tube thickness is considerable in relation 
to the tube bore, ('ertain layouts, however, do present difficulties 
and are overcome by using .expansion loops, corrugated bends or 
creased bends. The case foi? the cornigated steam -pipe expansion 
bends is established where restricted space and low stresses are 
important. On the other hand, the corrugated pipe has a high 
friction drop, is costly to construct and is conducive to whistling and 
vibration at (certain steam speeds. The pijies are ctallipered at the 
corrugations on the vertical and horizontal axes and if considerable 
variations are revealed after pipes have been corrugated and bent 
it may be necessary to reject them unless they can be rectified. 
Dies are prepared and the faulty corrugations (bad circularity) are 
in turn pressed back under heat. 
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The thinning of material due to repeated lieatings and work- 
ings must be watched and drill tests may be made on similar 
pipes. A bend of large radius is not so flexible as one of small radius. 
The advantage of a large radius is tliat the pipe material is not so 
highly stressed in bending to a large radius as when the bend is 
sharp. The ability of a pipe to resist springing depends on its dia- 
meter and tliickness, but chiefly on the diameter. A pipe run is 
more flexible if creased pipes are used at bends and the space required 
is reduced. In order to still further reduce resultant expansion 
forces, it is advisable to shorten the pipe by about three-quarters 



Fic. 221. Steam l*ipowork for lUO MW Turbine. 

of the calculated amount of expansion, and to stretch the ])i])e when 
it is being put into place cold. 

For a temperature of 850® F. the expansion would approach 7| in. 
per 100 ft. Piping withstands a much greater strain when cold, and 
the pipe lengths are reduced by a predetermined aitiount. The pipe 
lengths are then pulled up oii erection by an amt)unt varying from 
50 to 100 per cent, of the total expansion between the anchorages. 
The actual amount of sprijiging to be taken up cold is dependent on 
the steam temperature. The cold stress remains constant but the 
hot stress falls with rise in temperature and the amount of the 
expansion to be taken up hot and cold is fixed by the ratio between 
the two })ermissible stresses. On the other hand a pipe range may be 
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too flexible, in which case large fluctuations in steam demand may set 
up vibration. Resonance may be found to coincide with some part 
of the running plant, and in such cases it is necessary to change the 
supporting arrangement by either adding to or reducing the number 
of supj>orting places to eliminate the trouble. The pipe range should 
be sufficiently flexible to accommodate itself to the movement 
caused by expansion of the pipes without throwing undue strain 
on any section or fittings connected thereto. Steam pipe connections 
to a turbine should be flexible so that small movements do not 
generate large forces. The main steam piping is made from hot 
fhiished solid drawn mild steel tubing. 


For 300 p.s.i., 750" F. . TensiJe strength 20 to 30 tons per square 

inch. 

(Atmospheric temperature.) 

For 625 p.s.i., 850" F. . Tensile strength 28 to 30 tons per square 

inch. 

(Atmospheric temperature. ) 


In determining the thickness of the j)ipcs cold springing should 
be taken into account. The thickness should be such that the 
maximum total stress in the pipes duo to a combination of stresses 
resulting from internal pressure, bending and torsion should be 
within safe limits. 

The thickness of the pipes may be estimated from the following 
formula : — 


t 


2 / 


01 


Where t = minimum thickness in inches. 

d = outside diameter of pipe in imdies. 

^ = internal pressure in p3.i. 

/ == allowable hoop stress in p.s.i. 

With the temperature 600°, 700°, 800°, 900° 

/ '10,000, 8,400, 7,500, 6,500 


The tube makers tolerance is added to the tliickness given by 
this formula, and a further addition should also be made for bent 
pipes to allow for thinning at the back of the bend. 

The question of the proper diameter of piping for a given flow 
of steam is one which has not been solved with great accuracy. 
The energy loss is not important, but the pressure drop between the 
boilers and the turbines should be known as accurately as possible. 

The chief factor governing the bore of the piping is the allowable 
pressure head required to overcome the frictional resistance to flow. 
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The pressure drop is fixed by the steam pressure at the outlet of the 
superheater and the steam pressure required at the stop valve of 
the turbine. These facts being known, together with that of the 
layout, the pipework designer can then select the most suitable 
pipe bores throughout the range. 

The correct diameter for any pipeline is the one which gives the 
lowest cost per annum when due allowance is made for capital 
charges and pressure and temperature losses. This diameter, 
however, may have to be increased in order that the operation of 
the plant be not seriously interfered with under certain limiting 
conditions. 

The modified Babcock formula gives results which are rather on 
the high side, but serves* as a guide : — 

P = 0-000132 ^ ^ 

Where P = pressure drop in p.s.i. 

W =- weight of steam in lb. per minute. 

V = specific volume of steam in cubic feet per lb. 

D = internal diameter of pipe in inches. 

L “ Equivalent ” length of pipe in feet. 

It has been suggested that the pressure at the turbine stop-valve 
should be given as the boiler blow-off pressure, less a margin of, say, 
10 lb. for working tolerance, less the calculated friction drop in the 
pipeline with maximum load conditions. In the case of auxiliary 
turbines, these should be provided for operation at reduced pres- 
sures, and the inlet and exhaust pipe sizes should be based on the 
lowest pressure maximum load conditions. 

The question of steam velocities does not call for any great 
comment although very high velocities may cause erosion. Some 
figures relating to one station are given ; — 


Working Pressure 300 p.s.i, and F. Specific Volume 
2-205 cubic ft. 



Quantity of Steam 
Ib. per hour. 

Pressure Drop 
lb. per 1 ^. inch. 

Velocity 
ft. per sec. 

Superheater outlet to steam receiver 
( 10 in. bore) .... 

1 110,000 

4 

124 

j 130,000 

6 

147 

Steam receiver to tuibino stop valve 

1 240,000 

j 300,000 

5 

137 

(14 in. bore) .... 

7 

172 

Total drop from superheater outlet 

\ 240,000 

9) 

maximum 

to turbine stop valve . 

[ 300,000 
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Other (lata are : Boiler 180,000 lb. per hour (650 p.s.i., 
850° F.): 12 in. nominal rlia. pipe, 13| in. o/dia., in. thick, 
llj'Jvin. actual bore. Velocity 77 ft. per see.; 4 p.s.i. drop to 
steam receiver and 7-3 p.s.i. drop from receiver to turbine. 
Boiler 180,000 lb. per hour : 10 in. nominal dia. pipe, 11^ in. o/dia., 

in. thick, 9f in. actual bore. Velocity 105-5 ft. per sec. ; 8 p.s.i. 
to receiver and 7*3 to turbine. 

One authority lias given the following as typical in design : — 

Superheated steam . . . 100 to 200 ft. [)er secon(h 

Dry saturated steam . 80 to 160 „ ,, 

Wet steam. .... Up to 80 ,, 

Other figures are 

625 p.s.i. . . . .100 to 120 ft. per .soc«»n(l. 

900 „ .... 60 to 80 „ 

1,400 ,, .... 40 to 60 ,, ,, 

'J'he generally accepted standard appears to l)e : 

25 p.s.i. and 16" F~600 lb., 8r)0"K. 

60 p.s.i. and 25" F.— 900 lb., 900" F. 

The 25° F. temperature drop is considered to be rather liberal and an 
allowance more in keeping with the actual temperature drop which 
occurs on a well-lagged system would provide some increase in the 
design stresses. The permitted pressuie drops are thought to be too 
low and a higher steam velocity would be economically justified. 

Air cocks should be provided to release air when charging the 
ranges. 

Extreme temperature differences, such as caused by water 
draining from pipes into a receiver, may result in fatigue of metal. 

Corrosion fatigue is possibly caused by the intermittent presence 
or impingement of water while a pipe or receiver is under full tem- 
perature. Cracks in some (jases may be due to overstressing of the 
metal. The number of temperature cycles to which pipes are 
subject may also have some effect. Corrosion fatigue in steam pipes 
receivers and desuperheaters can result from thermal stressing ; 
tensile stresses as high as 20 tons p.s.i. can obtain if impinging 
water lowers the temperature of a small area of water 200° F. below 
that maintained by the steam at adjoining areas. With ordinary 
24/28 ton tensile pipe material the allowable maximum working 
stress should be kept below 6,000 p.s.i. if 800-850° F. is the tempera- 
ture range, and keeping in mind the effects of reversible compound 
stresses during operating conditions. 
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Steam Receivers. The present day receiver is a distributing 
chamber supplied with steam from two, three or more boilers and 
serving one turbine. Arrangements can be made for interconnecting 
all receivers by crossover piping to provide for transfer of steam. 
They should be of adequate size to permit of internal inspection, 
the overall length depending on the number an^ sizes of branches. 
A manhole should be fitted at one end and have a pressed steel 
hinged cover secured by steel dogs and bolts. In some recent plants 
the steam receivers are just sufficiently large to take the valves 
required but do not afford access for inspection in the generally 
accepted sense. So far as can be ascertained no troubles have been 
experienced from noise and whistling due to the quick changes of 
steam flow. 

Spherical and longitudinal receivers are in use, although the 
latter appears to be most favoured. 

Horizontal and vertical receivers are in use and the latter type 
has several advantages ; — 

(1) In the horizontal receiver all the pipe branches are arranged in a row, 
which gives the maximum length to the receiver, whereas in the vertical 
receiver they are “ staggered ” all round the circumference, and this shortens 
the receiver. 

(2) Water lying in a horizontal receiver may tend to buckle it and start 
joints leaking, whereas in the vortical type this trouble is avoided. 

(3) Pipes being horizontal (or nearly so), valve spindles can easily bo 
extended upwards through the flocr above, and neatly arranged on floor 
stands, thus protecting the operator from accidental steam discharge. 

(4) Basement floor space is saved as the vertical receiver is better mounted 
just under the tiu'bine or boiler house floor and clear of anyone walking 
below, whereas the horizontal receiver requires to be low down in order to 
allow of easy steam pipe bends. Site conditions and plant layout will have 
to be considered for each installation. 

The construction will depend primarily on the steam pressure 
and temperature. Riveted construction may be used for pressure 
up to 350 p.s.i. and 750° F. although welded plate construction 
is often used. For pressures of 650 p.s.i. and temperatures of 
850° F. solid forged and fusion-welded receivers are used. The 
solid forged construction is expensive, but is sound and reliable. 
Fusion-welded receivers are not so expensive and have proved satis- 
factory for high pressure working. Small oast steel receivers have 
also been used. 

The securing of the branches to the receiver is important. One 
method is to weld the branches into the receiver body and as a 
further precaution they are secured by screwing on a plate in nut 

■.P.8. Q 
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fashion as sJiowi in Fig. 222. Tliis additional mechanioal fixing 
inside the body ensures that the strength of a branch is not dependent 
on the weld alone. 






t^/v 7o^ ' Oc^yisT/r/r/L ^ 



Steani roceiverK are nianufaclured from acid steel liaving a 
tensile strength at atmospheric temperature of 28 to 32 tons per 
square incli . The supporting of the receiver may be by steel channels 
or alternatively by (^omjrete idinth. The latter method is not ideal, 
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since the heat transmitted to the plinth affects the concrete and in 
due course it disintegrates. Special heat-resisting concrete has been 
tried without success. Steel channel supports with asbestos-steel 
insulation between the supports and top plates on which the receiver 
feet are fixed is satisfactory. Cast-iron supports on steel channels 
are also satisfactory. There are two supports on each receiver, 


Srsr^At 



Cojvr jpod. 

LI/'S 



A — Stem thermomoter. 

B — Five-point efficiency recorder (metering panel). 

(':_.Temperature indicator (turbine gauge panel). 

D — Distance thermometer (turbine gauge panel). 

E — Pressure indicator (control room). 

F — Critical pressure gauge. 

g — Starting-up connections (pulverised fuel boilers). 

M.O.V. Turbine valve is normally motor operated and controlled from turbine 

operating floor. The drain valve is normally remote mechanically con- 
trolled from a similar position. 


one anchored and the other on rollers. Steam receivers may be 
mounted horizontally or vertically but the former is most usual 
(Fig. 223). 

Provision should be made for automatic and continuous draining 
as the receiver is a form of separator. The direction of the steam is 
clianged with the result that any moisture present is thrown out. 
The various connections are indicated in Fig. 224. 
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Steam Separators, 'riie. relative jxisition of tlie steam reeeiv'er 
to the turbine decides if a separator should be included. If the 
receiver is placed at a considerable height above the turbine it may 


Feed Water System for 210 MW Station (Boiler Pressure, 625 p.s.i., 850° F.). 
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be justifiable to include a separator. A separator is similar to an 
auxiliary steam receiver and usually takes the form of a casting, 
riveted plate, solid forged or fusion-welded vessel. For high pressure 
and high temperature working, cast steel solid forged or fusion- 
welded construction are used. 
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Fig. 227. Alternative Feed Water System. 
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Main Feed Water Pipewerk. This commences at the discharge 
branches of the boiler feed pumps, and terminates at the branches 
to the individual l^oikirs (Figs. 225 to 228). 

The suction feed lines are equally important although not subject 
to such high pressures under normal working conditions. Relief 
valves have been fitted in the suction branch to each pump to 


/’ToPP/A/C op Coa/A/SCT/OA/ to 
TsAfPsp/in/p/r c^pa/c/:s pr Scoa/oa^/S£^p 



Fio. 228. Feed Water (Circuit for 200,000 lb. per hr. Boiler. 


release any excess pressure which may be applied, due to a failure 
of the non-return valve to close when a motor t;j’ips, or a leaking 
valve during shut domi periods. 

If the suction isolating valve is first closed and the non-retum 
valve fails to close, the former valve and piping between the pump 
are subject to main range pressure. A 2-in. relief valve has been 
fitted in the suction pipes of a number of high pressure (650 p.s.i. 
and over) installations to prevent damage to the suction lines from 
excess pressure. 
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The duplicate bus-main is favoured in large stations, although 
the ring main system with cross-connections has been adopted. 
Where duplicate mains are installed, one is a standby, and in some 
cases provision is made (J-in. pipes and valves) to maintain this cold 
main at a reasonable temperature by leak off and make-up con- 
nections. This avoids undue straining of joints should the reserve 
main be required in an emergency necessitating the sudden flow of 
high temperature feed water without previous wanning (Fig. 228). 
These leak -off pipes can be misleading, since pressure is still main- 
tained in the lines without a feed water flow. 

The unit system is sound in principle but in practice it is better 
that each unit be interconnected by bus-mains and sectionalising 



Fia. 220. Foo<i Itange Charging (’onntH*ti(>n*s. 


valves. This arrangement is more so desiral)lc where boilers aie 
likely to be steaming before a new turbine is available, e.r/., during 
extensions. 

With stoker-fired boilers both main and reserve ranges are main- 
tained under pressure so that the operator can make quick change- 
over to the reserve line in the event of economiser tube failure or 
other untoward happening.'. Steaming cannot be continued but a 
safe water level is maintained. Whatever system is adopted utmost 
regard must be paid to simplicity, for serious damage may be caused 
by incorrect valve operation. The by-passing of an economiser 
may result in the formation of steam with the possibility of water 
hammer, causing damage to tul>es and feed range piping. 

The piping material is similar to that used for the main steam 
piping. The water velocity is kept below 8 ft, per second. Pro- 
vision should be made for draining all sections, the mains having 
a gradual fall to the drainage points. Air cocks at the higliest 
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points of the piping system release air when charging the pipes 
(Fig. 229). 

Blow-down and Drain Pipework. This includes all blow-down 



and drain services for boilers, turbines, steam receivers, pipe ranges, 
etc. The pipes should be run as direct as possible and have a con- 
tinuous fall to the discharge. Pigs. 230 to 239 show the usual 
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boiler drains, etc. The drains associated with the turbine plant are 
shown under their appropriate sections. 

It is desirable that bends be avoided in blow-down ranges to 





reduce shock due to high velocity water. All piping for the blow- 
down and drain piping is made from solid liot-drawn mild steel. 
Tees, bends and special pipes being of c.ast steel. The length of 
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piping from the pressure part to the control valve or valves, if two 
are in series, sliould be designed for full working pressure. 





j ’ A / *"* ^^/vs 

Fig. 232. Water Wall Blow-down Drains. 



Fig. 233. Desuperheater Drains. 


Safety Valve Escape Pipework. With the advent of high- 
pressure boiler units safety valve escape pipes call for careful con- 
sideration in both design and arrangement. The general practice is 
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for the pipes to bo led through the boiler house roof, supporting 
arrangements being made between the valves and the roof. 

The safety valve makes a bend necessary to lead off from the 



Fig. 234. Economiser Blow-down Drain. 


valve to the vertical leg of the escape pipe. This bend should be kept 
to a minimum radius to limit the reaction on the valve flange when 
blowing-off. By using cast steel a reasonably small bend may be 
made. Immediately alter the bend the pipe should be run direct 



Fig. 235. Economiser Safety Valve. 


to an expansion chamber which is really a larger pipe provided with a 
joint to give the desired flexibility. The plate or joint on the bottom 
of the expansion chamber should be arranged to provide adequate 
lateral movement. This loOse sealing plate is quite effective in 
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Fig. 23G. Blow-down Drains. 
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preventing excessive steam leakage. The arrangement of safety- 
valve escape piping should be such that there are no expansion 
stresses on the valves. The vertical leg of the escape pipe should 



be held rigid by means of clips fixed to steel angles or channels 
in the building framework. Spring supports have been tried, but do 
not appear to have been satisfactory. When a valve is blowing-off 
vibration is set up, and the periodicity of the springs synchronises 



Fig. 238, Main Valve and Superheater Drains. 

/ 

with that of the steam blowing-off. Tliis results in excessive vibra- 
tion which may damage the valves and supports. 

Cast-iron rollers may be used for guides throughout the lengths 
of the piping. A suitable cravat sleeve should be provided where the 
pipe passes through the boiler-house roof. 

The pipes from each safety valve of one boiler may be taken out 
separately or alternatively led to a common pipe which is then 
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carried through the roof. This piping is made of solid hot-drawn 
mild steel designed to suit the steam conditions. The economiser 
safety valves are connected by branch pipes to the boiler blow-down 
or drain tank, and the material is similar to that for the steam valves. 



Fia.^239. Safety Valve Draiiia. 


The safety valve is placed at the economiser outlet to ensure 
water flow through the economiser during blowing off and prevent 
overheating of the tubes by the flue gases. 

Atmospheric Exhaust Pipework. This includes the main exhaust 
from the condenser together with all auxiliary exhausi/s such as the 
steam oil pumps, steam feed pumps, ejectors and drain tank. 
These auxiliary exhausts are all connected to the main exhaust 







Fig. 240. Air Valve ConnectionM. 


pipe. Provision should be made for drainage, and it is usual to 
include a syphon complete 'with valve and piping led to a con- 
venient position. The piping may be either of cast iron or mild 
steel plate, the latter being lighter. The bore will bo fixed by the 
turbine manufacturer. The main exhaust pipe is run straight out of 
the condenser and taken up the outside wall preferably at the boiler- 
house side. 

Town, Service Water and Other Pipework. There are numerous 
other sections of piping of varying sizes and materials. 

•Service water system Induced draught and secondary air-fan bearing 

cooling, boiler feed pump bearing cooling, 
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ash pmnp gland sealing and cleaning, boiler 
and condenser filling, coal bunker service, 
general cleaning, etc. 

Town water service . Emergency make-up water, CO2 instruments, 

drinking fountains, etc. 

Fire service (river or other supply), fire i>umps, etc. 

Circulating Water Pipework. The system commences at the 
suctions of the circulating water pumps and terminates at tlie 
outfall in river or sea layouts and at the cooling towers, where these 
are in use. Figs. 241 to 245 show some usual schemes. 

Tlie layout will depend on site conditions and the station capacity. 

( Vire should be taken to include means for sectionalising to permit 
of efficient and (*onvenient operation of the plant and allow for 
extensions. With small and medium size river stations it is usual 
for each set to have a separate circulating water system. When 
(tooling towers are used a bus-main with section valves is usual. 
For large capacity river stations a sectionalised ring main appears 
to be favoured. 

The pipes may be mounted on overhead structures or laid direct 
in the ground. The overhead system is simple and probably 
cheaper to inst.all, a disadvantage being cleaning and painting. 
In some cases a c-ombination of both methods have been used and 
have proved satisfactory. Where large pipes are used (36 in. to 
74 in. diameter) and site conditions permit, the pipes will nearly 
always be laid in the ground. The pipes are of cast iron or mild 
steel plate but the latter material should be limited to sections of 
pipework mounted overhead or above ground and those buried in 
concrete. In some cases large pipes and bus-mains have a reinforced 
concrete lining (gun process) of from to 2 in. Bitumen -lined 
mild steel pipes are also used. 

The nature of the ground in which pipes arc to be laid should be 
ascertained in case of contamination by injurious chemicals and 
danger of subsidence. To guard against the latter the pipes may be 
laid on concrete rafts. Where pipes have to be buried in ground made 
up of ashes it is found that a good covering of clay affords protection. 
In one installation a minimum thickness of 18 in. was used for 
preserving the pipes from corrosion by water percolating through 
ashes containing a considerable amount of sulphur. In one case 
cast iron having 0*5 per cent, nickel content for protection against 
salt-water corrosion was used. At certain sections of the pipe 
routes it may be necessary to provide reinforced concrete bridges 
to carry rail trades or roadways. 
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A careful survey should be made of the site and the positions of 
the various items of plant for the completed station should be known. 


Fig. 241. Circulating Water System for 300 MW Riverside Station. 
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The sizes of pipes will depend upon the condensing plant and 
auxiliary cooling water required. 

The velocity of the water varies between 3 ft. and 14 ft. per 
second throughout the various sections of pipes. The following 
are general : — 




ra /cuvj^jes 


466 


ELECTRIC POWER STATIONS 



Fig. 243. Circulating Water System for 190 MW Cooling Tower Station. 
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Pipe bore— inches. Velocity — feet per second. 


6 




8 

12 




0 

24 




10 

36 




11 

48 




12 

60 


, 


14 


The pipe thicknesses and details are generally in line with the 
appropriate British Standard Specifications. 





Fig. 245. Circulating Water System for 30 MW Set. 


With cast-iron pipes, spigot and socket joints are usual, except 
where connections are made to valves, pumps and expansion joints, 
in which cases flanges are provided. Where wide variations 
of temperature obtain (outlet pipes discharging warm water), 
an open joint between spigot and socket is usual, but otherwise 
the solid joint, spigot and socket is general. The former allows for 
expansion, thereby obviating special expansion pipes. Spigot and 
socket joints are made with spun yam and molten lead or lead wool. 
To facilitate caulking the spun yam may be immersed in boiling 
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tallow, this having the effect of consolidating it whilst caulking, 
and removing the springiness. Rubber insertion or corrugated 
brass rings are used for flange joints. The flange joint is stronger 
and much easier to connect and disconnect than the spigot and 
socket joint, but the latter is flexible and lends itself to laying 
direct in the ground without trouble due to settlement. Expansion 
pipes or make-up pieces are of steel or copper corrugated types. 
Expansion pieces are fitted to the inlet and outlet connections at 
the condenser and thick rubber expansion pieces have been used 
and found suitable. 

Valves should be provided to enable any section of piping 
being drained, and air cocks should be included. Manholes are 
desirable to give access for inspection and cleaning and should be 
included at convenient positions. Branches for cooling water 
supplies to oil and air coolers and other services are also required. 

The pipes should bo anchored at all bends, the anchors being 
capable of withstanding thrusts from hydraulic pressure and expan- 
sion. 

Circulating water pipes and valves are pressure tested at the 
manufacturer’s works to a pressure of from 50 to 100 lb. per square 
inch. The completed pipe system is pressure tested on site after 
completion to a pressure of 30 lb. per square inch. The system 
may be completed before testing, but this necessitates the trenches 
being left open for a long period. Lengths of piping may be tested 
and then filled in. Lengths varying from 1 50 to 200 ft. can i)e tested. 
Flanges are provided at these positions to permit the fitting of 
blanking or bulkhead plates. 

Before dispatch to site, all pipes sJiould be given one coat of 
bitumastic paint. 

Valves. It will be seen that the valves required vary over a 
wide range of pressure and temperature for steam and water 
services. 

The design and construction of any valve should be such that it 
fulfils the purpose for which it is included, namely, to control the 
flow of steam, water, oil or air as the case may be. 

Valves of similar make, size and type should 'be interchange- 
able. A bye-pass valve is required whenever the main valve might 
be called on to be open slightly for warming up purposes, etc., as 
such a use will cause damage to the seating of an expensive valve, 
whereas a much cheaper bye-pass valve may be used, and this can 
be designed so that its seating is not damaged by “ wiredrawing,” 
This bye-pass valve may also in certain oaseg be able to equalise 
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the steam or water pressure on each side of the main valve, and so 
render the latter easier to operate. 

Valves are of the internal or external screw types, the threaded 
part of the spindle of the former is inside the valve and in the latter 
it is outside. The internal screws are subjected to attack by steam 
or corrosive water passing through the valve and should never be 
used unless the conditions are favourable. The external screw 
valve is more expensive, but is preferred for all high pressure and 
high temperature steam and water services and in some cases the 
circulating water system. 

The parallel slide type is nearly always used for high pressure 
high temperature pipework. Special materials have been intro- 
duced and valve I'ailure is a rare occurrence in well maintained 
plants. Low carbon molybdenum steel or ordinary cast steel have 
both been used for valve bodies. 

The accumulation of pressure between tlie discs of high pressure 
parallel slide steam valves is eliminated by fitting an automatic 
pressure release. Slackening, displacjement and fracjture of valve 
seats Ijave been experienced with higher temperatures. Seats have 
been pressed or shrunk into place, but apparently the pressure and 
shrink fits are not able to deal with the differing creep rates between 
seat and body metals. Welding is sometimes resorted to, but as an 
alternative the seat may be formed by deposition of a suitable alloy 
on the jnetal of the valve body, thereby laoviding a lioinogenous 
(‘ombination and eliminating tJie usual seating ring. 

Difficulties have been experienced with non -return valves in 
circulating water systems due to reversal of water flow (pumps 
shutting down), resulting in severe mechanical and hydraulic 
shocks on the pumps and piping. The design of large non-return 
valves should be such as to ensure shock-free closing which necessi- 
tates the flaps (doors) reaching the closed i)08ition as soon as the 
forward flow ceases. The slam in a valve is produced by the reversed 
water stream taking control of the flaps and forcing them on to 
their seats at the corresponding water velocity. 

Such happenings are possible on long pipe lines where delay in 
closing may cause serious w ater hammer ; also on low head systems 
where the length of pipe is so short in relation to the static head 
as to cause almost instantaneous flow reversal when pumping ceases. 
Slanting seats and spring closing devices have been provided on such 
valves and both Glenfield and Kennedy and Blakeboroughs Ltd. 
have manufactured suitable valves. The increased weight of flaps, 
head loss and free working bearings all deserve attention. 
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Electrical and mechanical operation of all large high pressure 
valves is favoured and the latest schemes incorporate automatic 
operation of associated by-pass valves in seqtience, A special 
feature has been made of this equipment by providing a control 
pedestal having signal lights to show the position of any main valve 
and its corresponding by-pass valve. 

The boiler stop valves are sometimes arranged to close by 
electrical operation in addition to the more usual manual facilities. 

Whilst it is desirable in the interests of capital cost and main- 
tenance to reduce the number of valves to an absolute minimum the 
pipework system for any service should be sectionalised to facilitate 
maintenance and provide for isolation in case of emergency. In 
particular it should be possible to disconnect any length of steam 
main not in service and so prevent condensation. Where there is a 
possibility of water lying in a pipe charged with superheated steam, 
excessive stresses will be set up due to miequal expansion on the 
joints, resulting in failure. Care is also necjessary when charging 
feed ranges, particularly where the pressure and temperature of the 
water is higli. Vaporisation is almost sure to take place when 
charging an empty line. 

The mounting and positions of valves should provide easy 
access for operation and if possible valves should be arranged for 
vertical operation. Where valves for steam and hot water have to 
be inverted, drip trays are necessary. Access to all valves must be 
made easy, so that inspection and ovejhaul can be made as rcapiired. 
This access should take the form of a x>ermanent structm e, such as 
a i)latform, gangway ladders, etc., and should be arranged as to be 
safe for the men to work at them. 

TJio most important assembly of valves is that associated with 
the steam receivers, there may be from six to ten valves varying from 
10 to 14 ill. bore. 

If the receivers are placed in the turbine house basement or on 
an intermediate floor near the boiler liouse side, valves may be 
arranged for manual or electrical control from the turbine operating 
floor, either in linear or circular formation. In some plants, the 
receivers are placed in the boiler house basement (Fig. 224), a satis- 
factory layout being obtained by building into the dividing wall a 
valve control panel. The valves are arranged for manual control 
from the turbine house basement whilst the turbine valves are fitted 
with electrical control for operation from the turbine operating 
floor. The drain valves on the mam turbine valves are also provided 
with remote mechanical control from the operating floor. The panels 
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may be cast iron, so constructed that any panel may be removed to 
give access to a valve and its controls. Pressure gauges, if fitted, 
may bo mounted on these panels. A platform with hand railing 
should be included to give access to the controls and operating hand 
wheels. The unit system of one boiler per turbine obviates the use 
of receivers. 

A typical steam valve test for a normal working pressure of 
650 p.s.i. and 850° P, is given. 

A hydraulic pressure test of 975 p.s.i. was first applied to each side in turn 
with the valve closed, after which a water pressure test of 1,300 p.s.i. was 
applied with the valv^o open. 

The valve was theft subjected to a steam test of 660 p.s.i., 850° F. tem- 
perature, each side of the valve being tested. The diu-ation of the tests was 
30 minutes in each case. 

Steam Traps and Drainage. The function of a steam trap is to 
remove automatically the condensation from a steam pipe or 
pressure vessel. The general principle of the majority of traps is 
that a valve is arranged to open automatically when water collects 
and to close again as soon as the water has been discharged. With 
high working pressures, troubles are experienced due to scoring of 
the valve seat, choking by grit, etc., as the water is discharged 
from the traps at full pressure. Steam traps should have a by-pass 
arrangement to permit of the trap being isolated for inspection or 
removal, A testing connection discharging to atmosphere will show 
when the pipe line or vessel is completely drained. Each atmos- 
pheric connection should be taken to an open tundish. The con- 
nections from the tundislies may be taken to a header which is 
led to the drain tank or alternatively to waste (Fig. 246). 

A steam trap opening and shutting suddenly is liable to cause 
water hammer in the heaters and pipework. 

A continuous flow trap of the ball float operated type is preferable 
to the thermal and bucket types. 

A large quantity of water is produced during the warming-up 
period and hand drains should be included to carry this off. A 
master valve connected as close as possible to the pressure part, 
and another valve at the most convenient operating position is 
satisfactory. This second valve is then used as a regulating valve 
and can take any cutting action due to the valve being “ cracked 
open. The first is a slide valve and the other a mushroom t 3 rpe. 

Messrs. Hopkinson Ltd. have a “ Series Uniflow ’’ valve which 
avoids the use of two valves in series. The unit comprises a master 
valve and a regulating valve in a single housing and is so designed 
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that the master valve must be fully opened before the regulating 
valve can be opened, and the regulating valve must be completely 
closed before the master valve can be closed. This arrangement 
protects the master valve from any possibility of wire drawing and 
ensures perfect fluid tightness. Steam traps which do not function 
correctly are often responsible for pipe joint failures. Some engineers 
have gone so far as to dispense with steam traps, having resorted 
to hand drainage. This is made possible by providing two valves 
as mentioned above, and including a length of piping between the 
valves. This is similar to draining off water and sludge from a turbo - 
alternator oil tank. The master valve is first opened and the water 
allowed to drain into the pipe ; this valve is tlien closed and the 



second or regulating valve is opened whereupon the water is dis- 
charged. 

Hand draining necessitates continuous supervision by the operat- 
ing staff. 

Pipe Joints and Jointing Materials. The flanges of all steam and 
feed pipes should be forged or machined from the solid and may be 
attached to the pipe by screwing, welding or riveting. Screwed-on 
flanges shoTxld bo bored and tightly screwed with a vanishing thread 
to ensure that the full thickness of the pipe is obtained at the back of 
the flange where the greatest stress occurs. The flanges are screwed 
to the pipes and then expanded. Screwing is satisfactory for pipes 
not exceeding 7 in. bore. Welded-on flanges are used on large 
diameter pipes for high pressure working. Riveted flanges are also 
used for large diameter pipes. An objection to this type of flange is 
that they have a tendency to leak at the rivet holes. Good riveted 
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Tablb 38. Chemical Analyses oj Bolt Materials 


Purpose 

Carbon I 
per cent, j 

Silicon 
per cent. 

Man- 
gauoso 
per cent. 

Phos- 
phorus 
per cent. 

1 

Sul- 
phur 
per cent. 

Chromium 
per cent. 

Molyb- 
denum 
per cent. 

Nickel 
per cent. 

Bolts for feed 
pipes 860 Ib.- 
300® F. 

0-3-0 35 


0-6-0-6 

0-04 

0-04 




Bolts for steam 
pipes 626 lb.- 
860® F. 

0-38-0-46 

0-1-0-3 

0*5~0-7 

0-06 

0-06 

1-25-1-6 

0-7-10 

0-6 


tlxroughout and thereby eliminates concentration of stress ; further, 
it is cheaper. Steam and feed pipe stud bolts are screwed British 
Standard fine thread with bright steel nuts. The steel bolts are 
screwed British Standard fine thread to obtain the greater strength 
of the increased bolt area, in some cases the feed piping bolts are 
screwed Whitworth thread. Special bolts and nuts should be 
stamped with an identification mark to distinguish them from 
ordinary steel. The nuts for the special alloy steel studs used on the 
steam pipes are sometimes made of a similar material to that of the 
studs. Bright mild steel nuts have been used on 750° and 850° F- 
ranges, although cases are on record where distortion and creep have 
resulted in joint failure and seizure of the nuts. Painting the threads 
of the bolts with a mixture of graphite and oil and ensuring that the 
threads do not protrude tluxmgh the nuts reduces the risk of seizure 
between bolts and nut. Nuts have also been dipped in copper to 
prevent seizing. Steam piping subjected to full temperature should 
have bolts made from 60 to 70-ton alloy steel (625 p.s.i., 850° F*). 
Bolts for feed piping should be made from 30 to 40-ton steel (850 p.s.i., 
300° F.). For all other services the bolts and nuts may be of 28 to 
32-ton mild steel. 

Jointing materials are required for plain-bolted joints, but not for 
seal-welded joints. Seal -welded joints have highly polished machine 
faces. For plain-bolted joints of pipes over 2 in. bore, a liighly 
polished machine finish dead flat and true is specified when steel 
serrated rings are used . The details of the rings vary according to the 
size of pipe. 


1 in. bore* 


Thickness of ling over serration 
,, ,, under serration 

Overall diameter 
.Number (>f serrations per inch 


J in. 
^ in. 
in. 

16 


8 in. bor< 


i 


8 in. 

■ft in. 

12f in. 

12 
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The possibility of the accumulation of water at joints should 
be avoided, otherwise joint failures are always possible. Cases are 
on record where steel serrated rings have disintegrated, apparently 
due to attack from corrosive water lying in a well over the joint. 
Such failures have been attributed to corrosive fatigue. 

Pig. 248 shows the temperature variations on one feed line joint. 



For plain-bolted joints of pipes 2 in. bore and under, the flange 
faces may have a coarse gramophone finish for nickel corrugated 
joint rings and jointing material. The foregoing joint particulars 
have been found quite suitable for working steam pressures of 
700 p.s.i. and 850° F. temperature. For a steam pressure of 300 
p.s.i. and temperature of 750° F. and a feed water 500 p.s.i. 
and 300° F. corrugated nickel rings and graphite paste are suitable 
for all piping. In one station tins method of jointing was used on all 
pipes up to 1 4 in . bore and found satisfactory. In another installation 
the following were used with success : — 

High-pressnro steam (300 lb., 750® F.) Serrated ring with 0*008 in. 

KJingorite. 

Feed water (500 IIj., 300 ’ K.) . Serrated ring with 0*008 in. 

Klingerite. 

Low^-pressure steam , . . Corrugated ring and compound. 
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In one 375 p.s.i. 720° F. station the pipe flanges connected to 
valve flanges are made with serrated jointing, the pipe and valve 
flanges being machined plain on the face. The flanges are bolted 
together without any jointing ring or material, i.e., a metal-to-metal 
joint. Jointing materials which may perish or disintegrate under 
liigh temperature and pressure are eliminated. 

The flanges of all other piping such as town main water, low- 
pressure water and atmospheric piping may be machined and 
jointed with corrugated brass rings and compound. The corrugated 
rings should be thinly smeared on both sides with graphite or jointing 
compound. 

A manganese paste makes a sound job, only a tliin worm of paste 
being applied to the centre of the face otherwise difficulty will be 
experienced in breaking the joint. The remainder of the face can be 
smeared with the graphite or jointing compound. 

Failure of pipe joints may be due to cupping of flanges caused 
by unsuitable jointing rings, whilst troubles after re-making may be 
reduced by using fitted bolts. 

Pipe Supports, Wall Boxes, etc. The system should be anchored 
at definite points to limit the maximum expansion and contraction 
strains, and it is usual to make the receivers these anchor points, 
although in some cases the anchoring is such that movement is free 
in one dimension whilst fixed in the other two dimensions. 

yux)i)orts between anchor points require some consideration, ns 
it may be found that these are either ineffective when the pipe is 
hot, or else cause undue strains by restricting the free movement 
of the pipe. The supports, anchors, slings, straps and rollers should 
be suitable for all working conditions of the pipework. The pipes 
should be free to move on their supports in any direction except 
at the point of anchorage, the supports being designed to take up 
any difl’erence in level whether the pipes are hot or cold. The strains 
set up by expansion are safeguarded by bends or straight lengths 
of corrugated piping. The summation effect on a long length is 
reduced by anchoring the pipe at intervals, the expansion on each 
section being taken up by the corrugations and creased or crimped 
bends. The movements set up by expansion or contraction are thus 
minimised and controlled. The supports should be arranged so 
that any one pipe may be withdrawn without disturbing the remain- 
ing pi})eB. 

Roller supports require a considerable area of bare pipe for 
bearing surface, whereas slings may be arranged without impairing 
the pipe coverings. Spring supports will be necessary for vertical 
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pipes. W’^all boxes and floor collars should be provided wliere 
the pipes pass through walls and floors. These should be so 
designed that they may be placed in position after the pipes are 
fixed. 

Lagging. As steam temperatures increase, so the quality of the 
lagging used has to change to enable that part next to the pipe to 
withstand charring and other chemical or physical change which 
will destroy its strength or insulating properties. The annual value 
of heat loss is much greater than is generally suspected, since : 
(1) It goes on at maximum rate all the time the pipeline is under 
steam pressure^ irrespective of the load on the turbine ; (2) the 
value of the heat loss to the turbine is very high, being about 15° P. 
for each 1 per cent, increase in coal consumption. To reduce the 
heat losses all steam and feed ranges, including receivers, separators, 
valves and flanges should be lagged with a non-conducting covering. 
The ideal form of insulation would be for the pipe surface to be 
completely surrounded by stagnant “ still air,’’ but since this is 
impracticable, non-conducting materials are resorted to. In 
general, the smaller and the more numerous the air s[)acos the better 
will be the insulating value. Materials which are themselves good 
(conductors of heat can give low values of thermal conductivity 
when arranged in the form of a low density mass, e,g. steel wool. 
Many of the insulating materials used are either ])i'epared from 
naturally porous substances or have artificially produced air cells. 
Heat is transferred througli an insulation by a combination of all 
tlirec physical j^rocesses, radiation, convectiem and conduction, but 
for convenience the term “ thermal conductivity ” is used as a 
measure of the materials’ capacity to transmit heat. Thermal 
efficiency of an insulation depends on temj^erature and on i)ipe size. 
It is defined as : 

bare surface loss-- insulated loss 
bare surface loss 

(Jare is required in the interpretation of the result so obtained, for a 
high efficiency is possible with corresponding increased heat loss. 

Insulation surface temperature is not alw ays a reliable indication 
of heat loss, since a finish of brightly polished aluminium sheet will 
raise the snrfac^e temperature but also reduce the heat loss. The 
basis for determhiing insulation thickness recommended by the 
British Standards Institution is the economic thickness method. 

An insulating material should possess the following charac- 
teristics : — 
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(1) It should have a high insulating efficiency. 

(2) The mechanical strength should be such that it will not be adversely 
affected by vibration, knocks or rough handling, 

(3) The material should be unaffected by moisture* leaky joints, etc. 

(4) Its oj^emical comj) 08 ition should under no circumstances cause corro- 
sion of the pipe. 

(5) The material should be easily aj)plied or removed. 

(6) It should not be too costly. 


To show how saving is effected by including non-conducting 
material the following figures are given. The heat loss from an 
uncovered pipe is said to vary from 2*5 to 4*5 B.Th.U. per square 
foot of external surface per ° F. in temperature difference per hour. 
Taking a 10-in. Outside diameter pipe and a length of 100 ft. with a 
steam temperature of 850"^ P., 

External surface = wdl 

= „ X ~ X 100 

= 262 sq. ft. 

Temperature difference = 850 — 70 Assuming building tempera- 
= 780^ F, ture is 70® F. 


Taking 3*5 as the average heat loss, 
then 3-5 X 780 x 262 B.Tli.U. per hour per 100 ft. of pipe with 
coal having a calorific value of 11,000 B.Th.U. per lb. and a boiler 
efficiency of 85 per cent., 


then 


3*5 X 780 X 262 x 0*86 

11,000 


= 55 lb. as the equivalent loss in 


coal per hour. 

Assuming coal costs 15^. per ton, then the yearly loss will bo 


8,760 x 


55 

2jib 


X ^ = £160. 
20 


By applying a noit-conducting covering it is reasonable to 
assume that a saving of 80 per cent, will be effected, or approximately 
£130 per annum. 

Some specifications state that the maximum rate of heat loss 
should not exceed 0-25 B.Th.U, per hour per square foot of surface 
per degree difference in temperature. In deciding upon the tempera- 
ture at which heat insulation and lagging should be applied, a 
knowledge of the temperature of every exposed portion of the plant 
is desirable. One specification provided for the inclusion of lagging 
and heat insulation to every exposed portion of plant which operated 
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at a temperature above 120® F., including the surge and storage 
tanks. 

In certain sections of the piping system, e.(7., drain pipe- 
work, it will be necessary to provide a suitable covering where 
contact is likely to be made by 
the operatives. All flanges should 
be covered solid with the pipe. 

A separate vidth of material, 

Fig. 249, being carried over the 
flanges to enable tliis portion of 
the lagging to be removed and 
give ready access to the bolts. A 
similar construction is desirable for 
valves and fittings. Fig. 250 gives an alternative method. Lagging 
applied to steam pipes, etc., can have special expansion joints in- 
corporated to prevent cracking due to temperature and vibration. 

To cover flange joints, valves, etc., with planished steel covers 
packed with loose asbestos is not altogether satisfactory. The 
lagging materials used for pipework and fittings are magnesia, 
asbestos, cork, slag wool, aluminium foil and glass silk together with 
special heat-resisting compounds. Each material has its charac- 



Fiq. 249. Joint Lagging. 
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Fig. 250. Pipe Joint Heat Covering. 


teristics in relation to temperature and working convenience. The 
most commonly used is a mixture of 85 per cent, magnesia and 
15 per cent, asbestos fibre, which is applied in a plastic state. The 
effect of putting magnesia covering on to a high temperature pipe 
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or vessel is to decompose the inner layer of magnesia. Tliis, in 
ils primary stages, consists of dehydration and subsequently of 
disintegration of the material itself, into magnesium carbonate 
and carbon dioxide. Magnesia, when subjected to very high tem- 
I)erature, breaks down into asbestos fibre and powdered magnesium 
oxide, and therefore destroys cohesion between the insulation and 
the pipe. For very high temperature duty it is necessary to apply 
a requisite thickness of high temperature -resisting material under 
the magnesia. 

Cases are on record where x>ipes have corroded due to water 
leaking into the magnesia covering, necessitating pipe replacement. 
Plastic magnesia has to be applied to the i>ipes whilst they are warm, 
whereas glass silk can be applied with them cold. Unless care is 
taken when placing in position, air spaces may be left so reducing 
the efficiency. Pipes for service over 850° F. have been bound with 
asbestos rope at 18 in. centres and then given a layer of glass silk 
reinforced with wire netting. At first it Avould seem that such an 
air space would be a good insulator since the air is held static in small 
gaps between the strands of rope. The major part of the heat is 
transmitted by radiation at this liigh temperature and the pure air 
sj)ace at this temperature has no effed on the radiation and the air 
space only increases the outside diameter of the insulation and 
consequently the heat loss. Glass silk has tlie advantage of clean- 
liness, is non-inflammable and withstands vibration and rough 
handling without losing its form or thermal effiaienuy. The packing 
density is varied according to requirements and varies between 7 
and 10 lb. per cubic foot, but lighter packings are i)ossible. 

When in blanket form it can be cut to any shape, and being 
flexible can be wrapped round curved surfaces. 

Strip or bandage is suitable for the insulation of pipes and bends, 
l^eing wrapped spirally. The bandages are in various widths and 
thicltnesses and are unbacked or backed with fabric, canvas or 
asbestos cloth, being sewn with asbestos yam. Glass silk is supplied 
enclosed in wire netting, metal foil, expanded metal or asbestos cloth, 
thus providing rigid or semi-rigid types of insulation. Flexible 
sections are very convenient, being cut to the exact circumference 
of the pii)e and then bent around it and temporarily secured with 
cord or wire. Wire netting is then fixed and pulled tight, after 
wliich a finishing coat is applied. Some typical details are given : — 

Boiler Drums. Covering with “ Vorsil ’* 1 J in. thick secured iu f in. 
mesh galvanised wire netting suporcoated with J in. thickness of reinforced 
armouring cement trowelled to a smooth finish and painted two coats. 



PIPEWORK 


483 


Efficiency ; Assuming a maximum temperature of 500® F., the efficiency 
will be about 94 per cent, with a heat loss of approximately 0*245 B.Th.U. per 
square foot per hour per ° F. temperature difference. 

Air Ducts. Insulated with “ Versil” aluminium foil covered slabs 1 in. thick. 

Efficiency : Assuming a temperature of 260° F., the efficiency will be 
about 89*7 per cent, with a heat loss of approximately 0*26 B.Th.U. per square 
foot per hour per ° F. temperature difference. 

Gas Ducts and Fans. Insulated with “ Versil *’ J in. thick supercoated 
with } in. thick cement enclosed with heavy jute canvas, sized, filled and 
painted. 

Efficiency : Assuming maximum temperature of 450° F. the efficiency 
will be about 89 per cent, with a heat loss of 0*4 B.Th.U. per square foot per 
hour per ° F. temperature difference. 

Pipework (750® F.). Covering with If in. ** Versil ’* secured in f in. 
mesh galvanised wire netting supercoated with f in. hard setting composi- 
tion trowelled to a smootli finish and painted two coats of approved colour. 

The following particulars relate to 850° P. and 300° P. steam 
and feed ranges respectively, using other lagging materials. 

Steam Receiver and Steam Pipework. Lagged to a thickness of in. 
with plastic material of Jiot loss than 86 per cent, of plastic magnesia and 
15 per cent, of asbestos fibre reinforced with galvanised wire netting 
and covered with J in. thick hard setting non-conducting composition, 
making a total thickness of 4 in. Lagging to be trowelled to a smooth face 
and covered by a wrapping of canvas or sail cloth properly secured and given 
two coats of paint in selected colours. 

An alternative is in. heat-resisting compound, 3 in. plastic magnesia 
and J in. hard-sotting cement. 

Feed Pipes. Covered with in. of plastic material consisting of not 
less than 85 X)er ooiit. plastic magnesia and 15 per cent, of asbestos fibre 
reinforced with galvaniseil wire netting and covered with f in. thick 
hard-setting non-conducting composition, making a total thickness of 2 in. 
Finished in a similar manner to stoarn jnping. 

Small steam pipes and drains, etc., sliould have the same thick- 
ness of insulation as large ones, for the heat loss per square foot 
on a small pipe is higher tlian on a large pipe. 

These notes apply to all boiler and turbine piping working at the 
temperature conditions stated. 

Water pipes outside the buildings should be protected from 
frost and a ^ in. thick covering of hair felt with an outside covering 
of canvas is suitable. 

Cleaning and Painting. All pipes should be thoroughly cleaned 
both inside and outside before erection and putting into commission. 
Unlagged pipes, supports, etc., should be painted with one coat of 
priming paint before erection and finished off with two coats of anti- 
corrosive paint. Some form of colour scheme for the station pipe- 
work is useful and the following are given as a guide : — 
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Service 

Colour 

High pressure steam piping ..... 

Signal red 

Low yy • • • • • 

Pink 

Feed water piping (main) ..... 

Navy blue 

M „ (reserve) 

Ditto with red band 
on each length of 
pipe. 

Condensate piping ...... 

Blue 

Town water „ ...... 

Aluminium 

Drain water „ ...... 

Black 

Drain (clean water and steam) piping . 

Brown. 

Compressed air piping ...... 

White C 

Boilers (integral) ...... 

Admiralty grey 

Oil piping . ... 

Yellow 

Circulating water ...... 

Black or as required 

Atmospheric exhausts and pipes leading thereto 

To suit machine 



Fia. 251. Feed Water Pressure Gauges^ 
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A list of recommended colours together with identification 
marks are given in the British Standard Specification, and this is 
helpful when drawing up a colour scheme. It is usual to paint the 
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Fio. 252. Steam and Feed Range Pressure Gauges. 
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Fio. 253. Boiler Steam Fressuro GiCuges. 




pipes above the turbine house floor level the same colour as the 
machines, and include a thin line of the corresponding colour to 
each pipe. The full colour would commence immediately below 
operating floor level. 
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As an alternative the various pipework may be designated by 
different colour bands. 

Instruments, etc. The usual instruments in main steam and 
feed ranges are steam and water flow recorders, pressure gauges and 
occasionally pressure recorders in the feed ranges. 

The steam flow meters are generally associated with the indi- 
vidual boilers and turbines, but in most cases the pipework contractor 







Fig. ►Siea.tn i’lmsuro Gaiigos. 


will be required to fit the necessary orifice plates in the steam lines. 
The piping in wliich these plates are inserted have to comply with 
certain requirements regarding length of straight pipe and position, 
and the actual pipe bore must be given. Similar remarks apply to 
the venturi tubes or orifice plates, wliichever be fitted for water- 
flow records. 

A critical pressure gauge is included in the boiler-house instru- 
ments, and this is connected to the steam receiver. The ordinary 
pressure gauge is not sufficiently sensitive to indicate any deviations 
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until conditions have changed considerably. A critical pressure 
gauge is extremely sensitive, and there is no time lag in indicating 
pressure conditions between steam demand and combustion control, 



Cj9££/%/ ///vy ^ €2S Za 
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Fia. 255 . 
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Steam Pressure Gauges. Stt also Fig. 254 . 



Fig. 256 . Food Water Pressure Gauges. See also Fig. 251 . 


thus affording the boiler operator ample time to make the necessary 
adjustments. The gauge may be of the single- or double-dial patterns. 
The scale on each side of the centre mark is graduated to indicate 
from 5 lb. above or below normal working pressure, according to the 
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Fio. 267. Pressure Gauge Connections. 




Fig* 259. Deadweight Pressure Gauge Teeter. 
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degree of sensitiveness reqnired. If it is too sensitive the pointer 
may be liable to hunting ” and a reasonable margin above and 
below should be allowed. For a working pressure of 600 lb, a 
figure of 25 lb. on each side is suitable, and for a working pressure 
of 300 lb. a figure of 10 lb. on each side is satisfactory. Electrical 
contacts for operating an alarm (bell or lamp) may be included in 
the equipment. 

Main and reserve feed water pressure gauges and pressure recorders 
are also included. Pressure gauges should be marked in accordance 


S'TSAM 
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Fia. 260. Steam Pressure Indicators in Control Room. 

with the requirements of the Factories’ Acts. The various instruments 
and connections to the diiferent services are shown in Figs. 261 to 
257. To facilitate the testing and calibration of pressure gauges, 
it is desirable to have a gauge tester. Two types are shown in 
Figs. 258 and 269. Fig. 260 shows remote indicators. 

Plant Operating at Different Pressures and Temperatures. In some 
plants which commenced with a working pressure of 360 p.s.i., it has 
been found economically justifiable to raise the pressure to 660 
p.s.i., and even 1,200 p.s.i. The low-pressure boilers may be obsolete 
and the older turbines will need to be supplied from the high- 
pressure boilers, or alternatively the high-pressure boilers will 
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augment the low-pressure plant during peak periods by transferring 
surplus steam. It is necessary to install a reducing valve and 
desuperheater to reduce the steam pressure and temperature to the 
requirements of the low-pressure turbines (Fig. 261). A further 
step towards efficient plant operation is the inclusion of a combined 
surplus and reducing valve. In this way the efficient high-pressure 
boilers may be operated at their most economical rating by passing 
over surplus steam to the low-pressure range. The number of safety 
valves included on the low-pressure side should be such that they 
can safely pass the maximum quantity of steam for which the 
reducing valve is designed. The mounting of the safety valves 
should be such that vibration is reduced. All valve and pipe joints 
between the reduchig valve and desuperheater arc subjected to a 
very high temperature and special alloy steel bolts should be fitted 
to avoid creep and so prevent joint failures. 



l^'ia. 201. Combiiiod H.r. and L.l*. Steam l^lants. 


Care is re(j[uired in the selection of reducjing valves for cases arc 
on record where such valves had to be placed in a separate aimex o]i 
account of the excessive noise. A typical reducing valve and desuper- 
heater specification for a 650/200 p.s.i. range is as follows : Reducing 
valve to be capable of reducing 225,000 lb. of steam per hour from 
650 p.s.i. 850° F. to 200 p.s.i., this steam to be desuperheated to 
750° F. jiroducing 230,000 lb. of steam per hour at 200 p.s.i. 
750° F. 

Low-pressure Steam System. The prov ision of steam for gland 
packings, air ejectors, oil punjps, soot blowers, etc., becomes a 
problem in very large stations. To avoid the use of high-pressure 
high-temperature steam it is possible to provide a low-pressure pipe 
syBtem which takes a supply from the primary or main steam 
system through servo-controlled reducing valves to afford a 200 p.s.i. 
supply. 
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TURBINES 

Number of Sets. The commitments of the undertaking having 
been ascertained and the outputs of the machines fixed it now 
remains to choose the number to be installed. Assuming machines 
of the same type, interchangeability and facilities for layout and 
extensions, the number may be determined as follows ; — 

Basis 1. One inachino running and dealing with full load. 

One machine standby. 

One machine under maintenance. 

Basis 2. Two machines running and dealing with full load 

One machine standby. 

One machine under maintenance. 

Basis 3. One or two machines running and dealing with full load. 

One machine standby. 

Intercomiection with an external source of supply reduces the 
number required, since the standby machine could be undergoing 
maintenance and need not be ready to take load in emergency. 
Basis 1 shows the maximum installation with maximum security of 
supply, but the ca.pital cost would only be justifiable where rapid 
growth of load was anticipated, demanding the early installation of a 
fourth machine. The condition then becomes as in Basis 2 with 50 
per cent, of the installed plant in operation as against 33 per cent., 
the security of supply being maintained. Unless spare plant be 
installed every additional machine to meet increase in load lowers 
the security of supply and it is here that overload capacity becomes 
an important factor in the consideration of capital cost. 

It is therefore desirable to arrive at a suitable ratio between the 
normal running overload and spare plant capacities, which would 
include that under maintenance. Another point to bear in mind is 
that large machines are 'more economical than the equivalent 
capacity in small machines. It is probable that a medium output 
machine, or perhaps two, would be installed to deal with periods of 
light load or even peak loading. In some stations one or two small 
machines varying in output from 2-6 MW to 10 MW have been 
included to serve station requirements, particularly in case of 
failure of the main units. Where site conditions permit there has 
been a tendency to plan a station for six machines, ranging from 
30 MW to 80 MW each, but in view of the dislocation of important 
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services in case of failure or destruction of such huge plants, it 
appears that the maximum capacity of a station would be limited 
to 500 MW. 

As an example, economy and ample security of supply would be 
met in a six-unit installation of which four are supplying the normal 
economical load and are capable of, say, 25 per cent, overload ; one 
standby read}’^ to go on load at short notice, and the other under 
maintenance. In this case 66 per cent, of the installed plant is 
dealing directly with the load and is also capable of meeting ordinary 
peak demands. Present-day practice appears to allow for the largest 
set being out of commission when considering independent opera- 
tion. Typical station data are given in Table 39. Since the 


Table 39. Station Data 


.Statiun 

Probable 

Ultimate 

Ca^i^ty 

Initial 

No of 
Seta 

liiatallatlon 

M.C.Ii. 

Output 

MW 

Speed 

K P.M. 

Voltage 

kV. 

liemarka. 

Battersea 

500 

2 

09 

1,500 

no 




1 

ion 

>> 


Includes 1-6 MW 







House sot. 

Barking “ B ” 

300 

2 

75 

1,500 

12 5 

1-3-6 MW Hotwe 


1 

3 5 

3,000 

3 0 

set. 

Clarence Dock 

400 

2 

50 

1,600 

7'3 


Fulham 

300 

2 

(50 1 

\ 1.500 

no 

1-10 MW House 



I 

10 

3,000 

0-6 

set. 

Dunston “ B ” 

300 

3 

60 

1,500 

13 6 

i-2-5 MW House 



1 

2'6 

3,000 

30 

set. 

Ironbridge . 

200 

1 

50 

1,600 

9 5 


Swansea (T.J.) 

240 

2 

30 

3,000 

33 0 

1- 0*76 MW Diesel 
Eng. House set. 

Sheffield (B.M.) . 

185 

1 

25 

3,000 

n 0 


1 

30 




Sheffield (N.) 

130 

2 

30 

3,000 

lio 


Leeds (K) . 

180 

2 

25 

3,000 

no 


Binniiighatn (H.B .) 

200 


30 

1,600 

no 


Oldham (S.V.) 

150 

1 3 

12 5 

3,000 

0*6 


Kearsley 

125 

2 

32 

1,600 

no 


Littlebrook . 

240 

1 1 

00 

1,600 

150 




2 

30 

3,000 

13 2 


Derby . 

90 

1 

10 

3,000 

/ 6'6 

Plant installed. 


1 

20 

1 

[ 6-6 




1 

30 

1 

1 330 


Ferrybridge . 

150 

2 

20 

>> 

10*5 

ft 


2 

45 


99 


Bradford 

130 

1 

30 


330 

Also 1-2-6 MW sot 



1 

30 


1 6-6 




1 

20 


! 




2 

22-6 


|33 & 6 6 
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nationalisation of the supply industry in this country many new 
power stations have been built or are in the course of construction, 
and full details will be found in the annual reports of the British 
Electricity Authority. General data are given in Chapter I. 

Layout. The layout of the turbo-alternators (alternators are 
dealt with in Volume 2) to a large extent decides the positions of all 
turbine house auxiliary plant and equipment. Various layouts have 





's' 


U— 



Fig. 2(32. Layouts of Turbo- Alternators for 300 MW Station. 

been adopted from time to time to suit site conditions, but in general 
they fall into one of those shown in Fig. 262. Departures from 
standard layouts are almost unavoidable however in modernised 
stations, chiefly due to restricted basement height and desirability 
of having the boiler feed pumps near the feed heating plant, which is 
kept as close as possible to the turbine. In many of the older stations 
the condensate was taken to large underground hot wells in the 
boiler house, the boiler feed pumps being grouped to form a central 
pump house near those wells. 
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A turbo-altemator requires little or no attention during operation 
apart from logging of the routine instrument readings and in view 
of this it would be possible to place it at a higher level surrounded 
by a gallery. This would eliminate the operating floor common in 
stations and the basement would become normal operating level, 
Auxiliary plant requiring attention would be at one level which 
would facilitate operation and reduce labour charges, and further 
it would allow of all plant to be handled by the station overhead 



Fig. 263. 25,000 kW. 3,000 r.p.m. Three-Cylinder Turbo- Alternator, 

Blackburn Meadows Power Station, Sheffield. (English Electric Co. 
Ltd.). 

cranes. The height of the basement will depend on the type of 
turbines installed and will be considerably reduced if the cross-over 
coimections are taken overhead. The layout of the turbo-alternators 
should meet the following requirements : — 

(1) Occupy a minimum of space thereby ensuring economy in buildings. 

(2) Permit of a simple layout of auxiliary plant and pipework and 
arranged to facilitate maintenance and inspection. 

(3) Have a minimum crane span. This is important, due to increasing 
adoption of larger sized units. 

(4) Be of good appearance when completed. Figs. 263 and 264 show two 
installations. 
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Commenting on the layouts given, it may be said that ‘‘ A ” and 
‘‘ C ” have a common advantage over ‘‘ B ” in that the buildings are 
likely to be less, while “ A ” has the additional advantage of smaller 
crane span. On the other hand “ B ” and “ C '' offer better facilities 
both for steam and electrical connections, while “ A ” has the 
disadvantage in that alternate machines are of opposite hand. 
Probably the final choice would be either “ A ” or C depending 
upon local conditions. An alternative is to place the machines in 
two rows parallel to the centre line of the turbine house. With this 



Fio. 264. 76,000 kW. 1,600 r.p.rn. Three -Cylinder Turbo -Alternators, 

Backing Power Station (British Thomson -Houston Co. Ltd.). 

layout they are staggered to facilitate arrangement of auxiliary 
plant and condenser tube and electrical rotor withdrawal, etc. 
To eliminate handling, the sets shown in layout “ A ” may be arranged 
with steam and electrical ends together. With the electrical ends 
together the same space provides for removal of both electrical 
rptors and a saving in overall length is obtained. 

The inclusion of well openings (W)ip the turbine operating floor 
give leady access to auxiliaries by stairways, and handling by an 
overhead crane. It also gives light to the basement and helps to 
maintain it at a normal working temperature. Wherever possible 
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there should be adequate space round the auxiliary plutt to facilitate 
inspection and maintenance. There should also be sufficient space 
to permit the withdrawal of condenser tubes and this area should be 
kept firee from cables and pipework. The chief auxiliaries in the 
basement are : Peed heaters, evaporators, extraction pumps, air 
ejectors, oil coolers, oil pumps, air coolers and ventilating fans 
(Pig. 266). In some stations the circulating water pumps and the 


C/ Cz 






Fig. 265. Layout of Turbo-Alternator Auxilieury Plant. 

Ap Ag — Alternator vent fans,* 

Bj, Bg — Extraction pumps,* 

Cl, Cj — Boiler feed pumps (1 electric, 1 steam). 

Dj, Dj — Circulating water pumps.* 

E — Jacking oil pump.* 

F — Flushing oil pump.* 

G — ^Turbine auxiliary oil pump. 

H — Oil purifier. 

I — Barring gear. 

* Located in turbine house basement, others operating at floor level. 


lower voltage distribution switchboards serving the auxiliaries are 
placed in the tdrbine house basement. Where a separate feed pump 
bay is not included those pumps may be pu^ in the basement. 
Advantage may be taken of the longitudinal layout to arrange all 
the circulating water piping to condensers, oil and air coolers on 
one side of the condensers, ^4iile all the condensate pipilig and 
bled steam connections are made on tlie opposite side. This leads 
to a comparatively simple arrangement of the condensate piping 
between the condensers and the boiler feed pumps. 
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Ficj. 260. Rotation of Turbines. 

reaction is used it is to be understood that this refers to the 
impulse-reaction ” typo of turbine. The practice in large output 
high speed sets is to include reaction blading at the low pressure 
end. The blade areas are large and therefore the leakage areas 
arc proportionately small, and as a double-flow exhaust is used the 
end thrust is balanced. These arrangements enable the length 
of the turbine to be reduced. 

Further Classification. As the output capacities and working 
conditions have affected the construction of each particular make 
it has been suggested that the following particulars be given for each 
turbine : — 

(1) Number of shafts. 

(2) Number of cylinders. 

(3) Number of exliausts. 

(4) Speed. 

'I'lie trend in this country appears to be for all 30 MW sets t-o 
have two (cylinders ajid (>0 and 100 MW sets threQ cylinders. Designs 
w ith one cylinder fcAver in eacl] case are hecoming available. Double 
(casings for the high-pressure cylinder are being evolved with the 
space between in communication with the intermediate pressure 
stages ; the inner casings can tlius be built in sections of alloys 
suitable to the temperature. 
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Back-pressure Turbines. Large back-pressure or }>a6s-out tur- 
bines are rarely used, although the smaller units have their applica- 
tions, some of which are : — 

(1) Superimposed high pressure sets for improvement of thermal effi- 
ciency of existing plant. 

(2) Auxiliary services — emergency drives, house service sets, feed water 
heating sets. 

Such turbines are frequently employed in private power plants 
where process steam is required and the production of electricity 
is a by-product. The turbine is of simple construction and all the 
steam entering the machine is exhausted into the process main. A 
low-pressure condensing turbine is sometimes included. 

Two back-pre6sure turbo-alternators taking steam at 600 p.s.i.g., 
800-850° F. are installed at Battersea Power Station for supplying 
steam for local district heating. The sets are designed for an output 
of 1,350 kW. and 23 X 10® B.Th.U. per hour at 3 p.s.i.g. A descrip- 
tion of this system is given in the Jir Treatment Engineer^ January, 
1950, District Heating in Pimlico.’’ 

Choice of Type. In large power stations using high pressures and 
temperatures the compound impulse and the axial flow reaction are 
most common although radial flow machines up to 65 MW, 1,600 
r.p.m., have been adopted. The single shaft turbine is sound, 
simplifies operation and is general for small and medium sizes. 

With radial flow turbines two alternators and two shafts are 
usual. Another case requiring two shafts is where it is economically 
justifiable by reason of liigh steam pressure to have a high pressure 
section running at a higher speed than a low pressure section. In 
deciding upon the number of cylinders the efficiency is nearly always 
of primary importance, and if this is to be a maximum with a large 
high- pressure turbine at least two cylinders will be necessary. A 
single-cylinder macliine is cheaper in first cost than a multi-cylinder 
machine of the same output. It is possible to build single-cylinder 
turbines up to 80 MW at 1,600 r.p.m. and up to 30 MW at 3,000 
r.p.m., but general practice favours multi-cylinder sets for these 
larger sizes and also to separate high-pressure and low-pressure 
cylinders if the initial steam conditions are high. In the latter case 
the multi-cylinder turbine has the advantage that the separate 
high-pressure cylinder and its components which are subjected to 
the initial high pressure and temperature may be kept reasonably 
small. In this way the stresses in these rotating and stationary 
parts may be kept within the safe limits of the materials available 
for use. Further advantages of the use of multi-cylinder sets are 
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that the diameterB of the shafts may be kept within reasonable 
dimensions and designed to ensure that the critical speed is well 
above the running speed. The multi-cylinder turbine has resulted 
in a reduction of clearances rendered possible owing to the extremes 
of temperature in any one casing being reduced, thus enabling a 
turbine to be run up to speed much quicker than with a large single 
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Fig. 270. Comparative Losses in High-Pressuro Steam Turbine Blading. 


cylinder. The reduction in diameter of the wheels and shortening 
of the shafts reduces the stresses and tendency to whip. In some 
designs of multi -cylinder turbines the H.P. cylinder is of the pure- 
reaction type or even combined impulse and reacition. Some 
manufacturers do not employ reaction blading in H.P. cylinders on 
account of the small clearances whieli are necessary to obtain 
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reasonably good ©fficiencies. The liigher the initial steam pressure 
the smaller will be the blade heights at the H.P. end, and it therefore 
follows that the blade tip clearance with unshrouded blades must be 
very small to keep down the leakage over the blade tips. Alterna- 
tively, if the blades in liigh -pressure reaction turbines are shrouded to 
permit of safe blade tip clearances, the axial clearances must be 
kept very fine. Fig. 270 illustrates this point. The disadvantages 
are that the overall length of the turbine is increased thereby 
necessitating larger building space and introducing additional losses 
by the use of interconnecting piping. The number of exhausts to 
be used will depend chiefly on the size of the turbine. The output 
of a single exhaust turbine is governed by the area of the exhaust 
annulus, the latter being limited by the blade tip speed. Losses at 
the exhaust are composed of the leaving losses and exhaust losses. 
The former are due to the carry-over velocity of the steam leaving the 
last row of blades. This loss may be reduced by using a double or 
triple flow exhaust arrangement, which in turn increases the output 
of the set. On the other hand the gain is offset by the additional 
floor space and cost of accommodation. A small drop in pressure 
must exist if steam i". t-o flow from the last wheel to the condenser, 
and the heat energy required to produce this flow and make up for 
the losses due to eddies, etc., is termed the exhaust loss. With a 
given maximum exhaust area and given back pressure the output 
is limited if the efficiency is to be maintained and not impaired by 
high leaving and exhaust losses. To overcome this difficulty at the 
exhaust end turbines are usually of the multi-cylinder type arranged 
with single or double flow in the low-pressure cylinder. With large 
output and low speed, a two-cylinder turbine with a single-flow low- 
pressu^ cylinder can bo used, as the low speed enables the requisite 
exhaust area to be obtained in a single exhaust. 

The simplest type is the single-cylinder turbine, for it is compact 
and has few parts. Single-cylinder turbines with duplex exhausts 
(Fig. 271) are also adopted. The duplex exhaust turbine consists of 
two sets of low-pressure blading on the rotor, through which the 
steam flows in parallel, the two streams being brought together in the 
exhaust branch. With the double-flow turbine the axial thrust is 
balanced, since the flows are in opposite directions. The steam 
enters the I^.P. cylinder at the centre of its length and flows to an 
exhaust at each end. The thrust on the blading is thus balanced, 
and no dummy pistons are necessary. In turbines having an inter- 
mediate cylinder the steam flow may also be arranged in the opposite 
direction, thus balancing the thrust. If the steam enters the H.P. 
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ITio. 271. 8iiiglo-Cyliiidor Turbiiio with Duplex Kxliaust. (C. A. Parsoiis.) 


turbine at the end nearer the (centre ot the set, tliis point of 
admission results in a much cooler governor and oil pump end than 
in conventional designs. The volume of steam leaving tJie last 
wheel of a large turbine is enormous and it is more ofliciont and 
cheaper to discharge it to two or more condensers. Turbines to give 
30 MW and 3,000 r.p.m, are quite common, but above this rating 
high vacua necessitate the use of special designs to obtain the 
requisite exhaust area in the last wheel to reduce the leaving losses. 
The use of two low-ju'cssurc cylinders has been resorted to in some 
installations. 


'Tajblk 40. 


Loss(\s on Tyincal “ /^arc Hmriion'''' Turbines 


C/ontinuouB maximum rating. MW' 

Windage and friction loss * . i»er coni. 
Blade efficiency . . 

„ clearance loss . „ 

Wetness loss . ,, 

Reheat gain ... 

Nett blade efficiency . ,, 

Governing or throttling loss . ,, 

Dummy and gland loss 

Leaving loss 

Internal efficiency 

Mechanical loss . 

Alternator loss ... „ 

Efficiency at alternator terminals ,, 


10 

20 

30 

1 .50 

loo 

10 

1(1 

10 

10 

10 

00 

00 

00 

00 

Of ) 

or> 

ryi) 

4-. 7 

4-0 

3' 5 

2:1 

2-5 

2-0 

2-7 

1 2-8 

ry'l 

i .50 

4-0 

4-S 

4-7 


S7-41 

S7-71 

88-00 

88-20 

0-5 

O-.") 

0-5 

0-.5 

0 -.“> 

2-5 

2-3 

2-0 

1-7 

1-.5 

20 

20 

20 

2-0 

2-0 

8203 

83-21 

' 83 - 7 () 

84-3 

84-75 

1-2 

0-9 

0-75 

0-60 

0-45 

4-5 

3-8 

32 

3-2 

3-0 

77-35 

70-20 

80-2 

81-00 

81-82 


Losses are at 80 per cent. C.M.R. 

♦ This item chiefly represents friction in the blade passages. 
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Theae figures are based on steam conditions of about 600 p.s.i. 
and 800° F. The losses sliown must be used as factors, for example, 
ill the case of the 10 MW unit the nett blade efficiency is the blade 
efficiency 90 per cent, multiplied by 0-912 multiplied by 1-062 
equals 86-35 per cent. It will be appreciated that the figures are 
approximate and are for general information only and may not 
necessarily represent figures for any particular machine that may be 
offered because of the various commercial considerations that must 
always be taken into account. Up to 60 MW output a speed of 
3,000 r.p.m. would most likely be selected and for 100 MW — 
1,500 r.p.m. 

Table 41 gives approximate losses in Impulse type of machines 
which may serve as a general guide. 

Table 41. Losses in Impulse Turbines 


Continuous maximum rating 

. MW 

0*5 

:«) 

Nozzle loss * . 

})or cent. 

)) 

90 

5-0 

Blade loss * , 

9-0 

7-0 

Windage and friction 


30 

0-5 

Diaphragm Leakage 

>> 

5*0 

0-75 

(Band loss 


30 

10 

Mechanical loss 


20 

0-75 

(Toveming loss 

• »» 

1-25 

1-0 

Total 

• »> 

32-25 

16-0 


* Kehpat, carry-over, etc., included in nozzle and blade losses. 


The performances of the various types for a given output are very 
similar and the choice of make is usually decided by the capital cost, 
steam conditions, output, speed, efficiency, and the opinions of 
the engineers concerned. 

Theoretical Considerations. The steam passing through the 
closed system of a turbine installation takes about If hours from 
the time it leaves the last st age of the turbine to enter the condenser 
until it re-enters the turbine again at the first stage. The time the 
steam takes to pass through the turbine and do its useful work is 
about eight-hundredths of a second. The gain in kinetic energy due to 
adiabatic expansion of steam in a nozzle is equal to the “ heat drop ” 
between the initial (stop valve) and final (condenser inlet) conditions 
of the steam. The interpretation of the physical laws under which 
the de-energisation of steam takes place in the turbine may be 
shown by means of the Mollier diagram. Although steam pressures 
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and temperatures vary over a wide range, the heat content remains 
fairly steady (Table 42) and the selection of steam conditions is 
therefore influenced to only a small extent by their heat-content 
values. 

Table 42. Steam Data 


Heat 

Content 

B.Th.U. 

Entropy 

Pressure lb. 
per sq. in. 

1 

Temp. “F. 

Volume 
cub. ft. 1 

1 

Saturation 

Temp. 

op 

Heat Drop to 
29 In.Vacuum. 
B.Th.U. 


1-60 

630 

725 

108 

1 

493 

511 

1370 

1-65 

390 

703 

1-72 

443 

484 


1*70 

242 

688 

2-75 

398 

457 


1-60 

860 

810 

0-85 

527 

551 

1410 

L65 

535 

790 

1*35 

476 

624 


1-70 

346 

774 

218 

431 

497 


1*60 

1,130 

900 

1 0-69 

662 

691 

1460 

1*66 

720 

874 

M2 

509 

564 


1-70 

1 

445 

859 

1-75 

467 

537 


The efficiency of the heat-engine depends upon the initial tem- 
perature at which heat is taken and the temperature at which heat is 

T — T 

rejected and may be represented by the expression -i— where T^ 

is the absolute initial temperature and To the absolute final 
temperature. 

Referring to steam tables it will be observed that a large propor- 
tion of the total heat is latent beat and this heat is absorbed during 
the process of evaporation. To enable this latent heat to be taken 
in at a high temperature, it follows that the steam pressure must 
be high, and this is primarily the reason for the adoption of high 
steam pressures. For a given steam temperature at the stop valve 
and vacuum at the condenser, and for a given turbine efficiency, 
the moisture content on the low pressure section of a turbine 
increases with increased initial steam pressure. TIio steam thus 
becomes wetter at an earlier point in its expansioji through the tur- 
bine. This will be apparent on referring to the Mollier diagram and 
noting the saturation line. The fundamental features may be 
summarised as follows : — 


(1) Increasing the initial steam pressure (stop valve) with a given constant 
steam temperature increases the moisture in the exhaust (condenser inlet). 

(2) Increasing the initial .steam temperature with a given constant steam 
pressure decreases the moisture in the exhaust. 

(3) Increasing the vacuum at the exhaust imr eases the moisture. 
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As the turbine efficiency is increased the moisture in the exhaust 
increases for given steam conditions. The use of multi-stage bled 
steam feed-lieating assists in reducing the wetness in the exhaust 
as a certain amount of the moisture formed can be carried away 
tJirougli the low-pressure bled steam pipes. 

This increased moisture content in the low-pressure stages has a 
detrimental effect on the blading due to erosion and the turbine 
efficiency is also impaired. The use of very high-pressure steam 




entails the inclusion of special re-heating plant between the liigh- 
pressure and low-pressure cylinders to limit the moisture in the 
steam in the lower stages or alternatively raising the initial tempera- 
ture by superheating. This minimises erosion troubles and is now 
common practice. It is accomplished by superheating at the boiler 
or re-superheating after partial expansion in the turbine. The 
latter method has been used and appears to be giving satisfaction 
even with a pressure of 625 p.s.i. and 860° F. temperature. It 
shows only a small thermal gain and involves certain plant com- 
plications with additional capital costs particularly where re-super- 
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heating is carried out in a speciaJ boiler usually termed a ' Reheat 
Boiler” (Fig. 272). One station in this countiy o 2 )erates on the refloat 
cycle with steam at 1,235 jj.s.i. and 825'' F. reheated to 825° F., 
having two boilers per turbine on the unit prineii)le. If the 
turbine is suddenly unloaded the re-superheating system acts 
as a steam accumulator and it is (^uite possible tliat the energy 
available will be sufficient to over-speed and trip the set off the 
bus-bars. Further, the sudden reduction in load on the re-super- 
heater may result in burning out the tubes. To safeguard against 
these contingencies automatic 2 )rotective devices in the form 
of overspeed emergency valves for the low-j)ressurc turbine 
and damper control of the flue gases in the re-heater boiler are 
installed. An alternative method is to jacket the steam between 
the high-pressure and low-pressure cydinders and pass steam at 
the high-pressure conditions through tlie jacket. This may bo carried 
out by using the high- and low-i)ressurc cylinders of a single turbine 
or by having two independent turbines, one operating at high- 
pressure steam conditions and the other at low 2 )ressure. The H.F. 
turbines will exhaust at a i^ressure equivalent to the inlet })ressure 
of the L.P. turbines, the steam being subject to re-superheating 
before i)a8sing on to the latter sets. Fig. 273 shows the arrangement 
for one small plant used as a top 2 )ing set (see also Fig. 8). 

The efficiency of a large turbine with feed heating may a 2 ) 2 )roach 
80 per cent. One of the primary factors in the attainment of high 
efficiency and economy of steam is to allow tlxe turbine to operate 
at the most suitable velocity ratio, l.c., the ratio of mean blade 
velocity to steam velocity. To get the best metdianical effect the 
velocity w’hich the steam acquires in its expansion must be related 
to the Si3eed of the blades. The condition for maximum blade 
efficiency is given wdien the mean blade speed is equal to half the 
tangential component of the steam jet velocity issuing from the 
nozzle. The turbine efficiency is therefore largely a matter of the 
relation of blade speed to steam speed, or, more conveniently in the 
case of a multi-stage turbine, of the ratio : — 

Sum of the squares of blade speeds 
Heat drop 

and within the limits of ordinary design this ratio has to be kept as 
high as possible if a good efficiency is to be obtained. Examples are 
included to show how the efficiency of a plant is fixed by the pressure 
and temperature conditions chosen. Considering the theoretically 
ideal cycle, namely, the Carnot cycle, the efficiency of which is the 
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ENTROPY 



200PS.1 700* 

500* 

Fio. 273. Mollier Diagram for Reheat Plant. 


T — T 

maximum possible ; the efficiency is expressed by — L— — ?, of which 
mention has already been made. 

Taking four present-day examples, we have : — 

(1) 300p.8.i. 750® F.j 

(2) 450 „ 800° F. All expanding down to 1 p.s.i. back pressure 

(3) 600 „ 860° F.( (100° F.). 

(4) 1,200 „ 960° F. J 
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(1) (760 + 460) - (100 + 460) 
(760 + 460) 


X 100 = 63*7 per cent. 


(2) (800 +J6 0 ) - (100 + 4W) 

(800 + 460) 

(3) i8W±460)-(100 + 4_e0^| ^ 

(860 + 460) 

(4) (060 + 460)- (100 - )^J) 

(050 + 460) 


It will be noted that the efficiency depends upon the temperature 
conditions obtaining. Increase in temperature can be obtained 
either by increasing the pressure or by superheating the steam, or by 
a combination of both. As is well known, temperature is only a 
measure of heat. The work done per pound of steam is the result 
of the heat units contained therein since the temperaUire does no 
work and is merely a record of the units contained. 

The efficiency might be better written as : — 

h7 

VVlinro Hi -- the total lioat units per lb. of steam at the initial jnessure 
and tomporaturo. 

H .2 — the total boat luiits ]>or lb. of steam at the final pressuro and 
temiioratnre. 

By modification to the Caniot cycle for steam the Rankine cycle 
is obtained which is used for comparison of steam turbines. 


/v* ^ XI 2 Xlg 

The Raiikino emciency — — - 

Hj — 

whore Hg heat units rejected per lb. of stioam at the final j^nissure and 
temperature. 

H 4 = heat units remaining per lb. of steam at the final pressure and 
temperature. 


Therefore Rankiiie efficiency — 

Heat supplied per lb. of 6 steam — Heat rejected per lb. of steam 
Heat available per lb. of steam 


Considering example (1) 
(300 lb. - 760® F.) 


1.393 - 943 

1.393 - 70 


X 100 
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460 

1T323 


y 100 


= 34-0 por cent., approximately. 


is read direct from stecun tables or alternatively from the Mollier diagram. 
Hg is read from the Mollier diagram (drop between initial and final conditions) 
or alternatively from special steam tables. 

H 4 is read from steam tables (sensible heat). 

Example (3) would give : — 


Rankine efficiency = 


1,438 - 920 
1,438 - 70 

618 


1,368 


X 100 


X 100 


= 37*6 per cent., approximately. 


The effect of raising initial steam pressure and temperature on 
the efficiency is shown in Fig. 274. The curves give tlie approximate 
performance expected with average size turbines for the steam 
pressure selected and assume a vacuum of 29 in. Hg. Taking an 
example with initial steam conditions of 800 lb. per square inch 
and 800° F., and reading vertically from the point 800 lb. on the 
base line to the 800° F. curve of the top group of curves, the turbine 
efficiency is found to be 82*5 per cent. 

Reading on the middle group of curves again on the 800° F. 
curve, the possible efficiency of the cycle is found to be 40 per cent. 
The actual thermal efficiency for this turbine efficiency as ascertained 
from the 800° F. curve of the lowest group of curves would be 33 per 
cent. The percentage moisture in the exhaust steam is indicated 
on the lowest group wliich in the example selected is about 13 per 
cent. This amount would be considered excessive and except in 
special oases the initial temperaturer should therefore be raised to 
850° F. if a moisture content of 12 per cent, is desired. The limiting 
final moisture content which is usually considered advisable is about 
12 to 13 per cent., and it follows that the maximum initial steam 
pressure is fixed by the steam temj)erature proposed. Taking a 
turbine efficiency of 80 to 82 per cent., a vacuum of 29 to 29*1 in. 
Hg (barometer 30 in.) and a final moisture content of 12 to 13 per 
cent., it will be found that the limiting pressures with various initial 
steam temperatures are approximately as follows : — 

Steam temperature ° F. . 750 800 860 900 960 1,000 

Steam pressure lb. per square 

inch gauge . 580 760 950 1,200 1,500 1,900 
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Fig. 274 . Curves wliowing Kffeet. on Efficiency of Raising Initial Steam 
Pressure and Temperature* 

In this (jountry turbines are now more or less standardised as 
follows : — 

30 MW— 000 i).8.i. -800/010'"r.— Feed 340° F. 

00 ami 100 MW -900/1,500 p.H.i. -900/1,050 °F— Feed 380°/430 °F. 

(CONSTRUCTIONAL DETAILS 

Casings. The H.P, casings are constructed of cast steel, the 
L.P. and exhaust casings of high-grade cast iron, or in certain 
instances of welded steel constraction. The upper limit of tempera- 
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Keys and keyways are [)rovided and arranged to suit the require- 
inentH of fixing for each flesign of inaehiue. 

The steam leaves the high pressure cylinder (14 p.s.i. or below), 
and is led to the low-pressure cylinder by one or two pipes fitted with 
expansion joints. If the pipes are arranged overhead they have to be 
dismantled before the covers can be removed. 

Steam Chest. Steam chests are made of cast steel similar to the 
H.P. casings. It is essential to eliminate large external forces 
which might be applied to the cylinder such as those resulting from 
the steam j)ipe expansion. To eliminate such forces from the 
cylinder a separate steam control chest is fixed to the foundations 
in such a manner that the supply steam pipe forces can produce no 
juovement of the steam chest. 

Corrugated interconnecting loop pq^es are fitted between the 
steam chest and the H.P. cylinder, and aie so arranged that cylinder 
expansion is taken as cold spring on the pipes. This is done by 
assembling the loop steam pipes with the cylinder in its cold position, 
and the steam chest in a false position, so that no stress is applied 
to the loop pipes. After the joints are made the steam chest is 
jacked forward and outwards an amount equal to the calculated 
total expansion. The steam chest is then finally anchored in position. 
An alternative (Fig, 276) is to cast the chest in one with the top half 
of the H.P. casing. 

Steam strainers are incorporated in the chest and adequate 
drains are provided. Tlu^ effective area of the strainers is 
generally not less thati twice the cross-sectional area of the main 
steam pipe. 

The steam chest accommodates the controlling valves which 
adjust the steam supply to suit load conditions. 

Shafts. The design of turbine and alteniator spindles for large 
sets calls for great care if the desired degree of safety is to be ensured. 
The turbine spindle may be subjected to temperatures of the order 
of 750° to 1,050° F., in which case portions of it will reach a tempera- 
ture sufficient to effect at least a partial release of any internal 
stress present. 

With continuous application of high steam temperatures stress 
release becomes almost complete and in the process a bent shaft ma}" 
result. It is therefore essential that the forging and subsequent 
machining operations of the shaft must be so carried out that no 
internal stresses of appreciable magnitude remain in the shaft when 
it is put into commission. The question of reversal of stress due to 
normal running and out ol‘ balance must be considered. Assuming 
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a turbine to operate for only 50 per cent, of the total available hours 
in a year and its noniial rotational speed to be 3,000 r.p.m., then 
the shaft undergoes something approaching 8 x 10® stress reversals 
per annum. This introduces the problems of normal fatigue and 
corrosive fatigue, the latter of which depends on the steam supply. 
Steam, no matter how carefully the feed water has been controlled 
and treated, may contain some form of corrosive which, continuously 
applied, results in a reduction of fatigue limit. Dissolved oxygen is a 



Fig. 27fi. Top-half Casing for High-pressuro Stoarn Turbine with Valve 
Chest Cast in one with Casing. (British Thomsou-Houston Co. Ltd.) 

corrosive capable of doing (considerable damage in boiler and turbine 
plant. The shaft design should bo such that all sharp comers and 
abrupt (changes in diameters are avoided. The usual practice is to 
turn down the shaft gradually where a reduction in section occurs, 
and it is advisable to fillet the shaft for there is always the poesi- 
bility of fracture or cracking at these changes of section. There 
should be no holes or comers in which corrosive mixtures may be 
deposited and thus greatly increase the danger of corrosion fatigue. 
In practice, shafts have been bent due to various causes, and at 
times some success has been ai^hieved in straightening on site. In 
one case the discs were protected from the heat flames by covering 
them witli asbestos tape, etc. The shaft portions between each 
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disc were tlien repeatedly heated and cooled, which allowed the 
shaft to finally take up its normal straight position. The heating 
was done by means of gas jets. Local heating causes the metal to 
take a permanent set at this particular point due to the restraint of 
the cold metal round it. The difference in the stress-strain charac- 
teristics at widely ciifferent temperatures makes tliis possible. On 
cooling the treated metal retracts froin a new point on the curve, 
and the sliai)e of the whole is (ionsequeiitly different from what it 
was before. In any job of any size or importanc^e tl\e complicated 
residual stress is always a problem, as is the eventual effect of its 
readjustment. Shafts are made of high-grade carbon steel of 
adequate proportions to ensure safety under any abnormal overloads 
due to short circuits, etc. The shafts usually have a 2- to 4-in. 
diameter hole drilled or trepanned down the centre, so tliat the 
forgings can be carefully cliecked for any defccds by means of a 
borescope. The s])ecification (*overing the manufacture of the 
forgings is very comprehensive and research still continues in tlie 
question of prot^edure to be followed. 

The principal features of one specdfication are - 

(1) From tho ])()uring of Uio ingot until all f«)rging oporation.s aro com- 
pleted, tlie steel at no time falls below OoO ' (\ 

(2) At no time during tho forging operations must tlie steel be chargetl 
into a furnace whicli has a tomporatiiro more than r}iy abov(^ or below the 
temperature of tho forging. 

(3) Every practicable step must be taken to obtain nniform beating and 
cooling of tbe mass, and this particularly applies where a change* of section is 
considerable, such as at the shaft ends. 

Rotor bursting lias been expericjiccd. and in one case wrecked 
the station and resulted in the loss of several lives. Subsequent 
investigation revealed the jiresence of numerous craeks, situated 
about midway between the outside and the centre. It was con- 
cluded that these cracks liad been fornied as the result of thermal 
stresses set up during the manufacture of the forging Turbine and 
Electrical Rotor Forgings,” J. (h M. Turnbull, Hraton Works 
Journal, Vol. 5, No. 3, 1950). This sJiaft liad been made during the 
l^riod when mass effect was neglected, and liad been forged from a 
cold 78-in. octagon ingot, which was charged into a hot furnace foi* 
heating prior to forging. 

Air-hardened steels are chieil\ used for both turhinc and electrical 
rotor shafts, as it is the opinion that niany manufacturing liazards 
are avoided. It is probable, however, that the limit of strength 
obtainable witli normalised carbon or low-alloy steels in large 
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masses has almost been reached and that some type of oil-hardened 
steel will have to be considered in future if design stresses rise much 
further. This step, altliougli not altogether desirable, may be taken 
with confidence, due to the many advances which have been made 
both in steelmaking practice and in inspection methods. 

The portion of the forging most likely to contain unsound metal 
is the centre of wliat was the top end of the ingot, and, in addition 
to discarding a large pioportiou of the ingot top before forging, that 
end of the shaft wliic^h will undergo the least stress in service should 
bo made from the top of the ingot. The diameter of the shaft is 
usually such that the critical speed does not come within 30 per cent, 
of the running speed. The critical speed of a shaft has been defined 
as that speed at which a very small eccentric mass will cause the 
shaft to deflect to a very groat extent. This speed coincides with 
the natural frecpiency of vibration of the sliaft and also it is at this 
speed wliicih any accidental deflection of th(i shaft results in a 
centrifugal force due to its rotation about a jjosition of rest, suffi- 
ciently large to maintain this defle(;tion. Ifollow construction 
results in rotors of relatively light weight and high critical speed. 


Some details of typical shafts are given. 


Two cylinder iinjnilso turbiiio (50 MW, 1,500 r.p.in.). 
Minirnuin diaiiictcT of nliufts .... 
Overall lormtii of H.P. shaft .... 

L.P. „ - . . 

Criti(uil sjieed of H .J*. rotor .... 

„ „ h.P 

Overspoed lest ...... 

Duration of tiverspcod test .... 


lOj 111. 

]« ft. 

20 ft. 0 in. 
2, 100 r.p.ni. 
2.000 
1.725 

5 minutes. 


Tiiree cylinder im]nilse reaction (.‘10 MW, .‘1,000 r.p.m.). 

Jl. 1. L. 


Mininunn diameter of stialts 
Overall leiijirth of H.P. shaft 

hP. ,, 
L.P. 

(Vitical sjiecd of H.P. rotor 

» » T.r. 

„ „ L.P. .. 

Oversjieed tost 
Duration of overspoed ttist 


.‘1 in. 42 in. and 5^ in. 

1 1 ft. 1 m. 

10 ft. 8 in. 

15 ft. 2 in. 

3.0. 30 r.p.m. 

3.0. 35 „ 

3,080 „ 

3,4,50 /, 

Not exceeding 5 minutes. 


Fig. 277 shoAvs a typical deflection curve for the shafts of a two- 
cylinder set. The shafts must be aligned to follow the natural deflec- 
tions of the individual shafts and form a continuous curve. The 
shafts retain their natural deflections at whatever speed they 



524 


ELWTHIC^ POWER STATIONS 


by machining from solid bar, be drop forged, extruded or rolled, 
rolling being considered the best method. As already mentioned, 
the area through the exhaust blading fixes the output of the turbine 
and must therefore be sufficient to handle the volume of steam 
efficiently. The tip diameter of the blade ring fixes the area avail- 
able and the permissible stresses in wheel and blade in turn fix the 
tip diameter. To redmie (*-entrifugal stress in the blades it is general 
practtice to taper tlieni so tliat the cri)ss-se(;tional area decreases 


CVUIMDCR (sTAtionARr.) 



Fr(i, 271). Kiul Ulndm^ Tlio hltidt* rootw, iiistoad Dfboiii^ Hush 

with the surfaco of tho ousiujj arid rotor, ai\', raised up to form circum- 
ferential harri(UH hlh (iJirci-tiou ol steam flow ((’. A. Parsons & Co. 
Ltd.). 

steadily from the root to the tip. TJie greater the degree of taper 
the more can the stress bo reduced. Because of the very definite 
limit to the variation in blade passage between root and tip imposed 
by considerations of blading efficjiency it is not desirable to make 
the ratio betwexHi the blade height and shaft, diameter greater than 
1 : 3, so that for a blade tip speed of 1,000 ft. per second llio maxi- 
mum output possible from such a last row of blades at any specified 
turbine r.j).m. is limited. The output at a given number of revo- 
lutions per minute can only bo increased by increasing the blade. 
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tip speed, but the stress at the blade root for a tij:) sjK^d of J ,000 ft. 
per second is about the limit, althoiigli tip speeds of 1,150 ft. per 
second have been adopted. 

The use of a hollow blade at the exhaust end has made possible 
an increase in output of about 20 per cent. Hollow blades enable 



Fic3. 2s 0. Fixing Sogni<!nis of JUatles. hOgnu'iits aro sorralod along 

thoir roots by moans of looking strips. ((’. A. [’arsons & (^). Ltd.) 

both blade stress and wlxetd strcvss to be reduced for a given tip 
speed, i.e,, tlie tip diameter can be increased .wit hout encroaching 
on the safety factor. To roll a holhjw blade a hole is made through 
the stainless steel billet, the shape and size of the hole being deter- 
mined by the amount of metal it is desired to remove from the 
finished blade. It is then filled with a tight-fitting mild steel plug 
and the billet is rolled in a similar manner to the rolling of solid 
blades. In the process the plug rolls out to a profile like that of the 
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blade, l^ho mild nteel can be dissolved out by a chemical treatment 
which does not affect the stainless steel. 

Another problem influencing the design and manufacture of 
exhaust end blades is the erosion which may result from impact of 
water on the blades. With high-pressure steam conditions the 
wetness factor at the exhaust is high and the water thrown off from 
the fixed blades is moving at a velocity which is only a fraction of 
that of the steam. Consequently the moving blades, travelling at 
relatively high speeds, have to move through a dense mist of water 
particles which results in rapid wear of the leading edges. Erosion 
increases rapidly with increased blade speed, with reduced back 
pressure and with increased wetness, but is reduced almost in direct 
proportion to the increased hardness of blading material. A blade 
capable of meeting the erosion problem consists of an ordinary 
blade having a shield welded or brazed to the leading edge. The 
blade proper is either of low carbon stainless steel or a low carbon 
good quality mild steel with a very hard shield of specially heat- 
treated high-speed tool steel. 

The shield need only extend from the blade tip to about two- 
thirds of the blade length, since the portion near the root is not 
ordinarily subject to erosion and it is therefore unnecessary to 
protect it. In one make of blade the portion likely to be affected 
is of ‘‘ Stellite ” steel and is deposited electrically. The advantage 
claimed for this method is that a better blade profile is obtained 
after machining. Table 43 gives blade particulars for some turbines. 
Figs. 279 and 280 give blade arrangements. 

Alternator rotor vibration has been thought to be responsible 
for blade fatigue or at least aggravating conditions. In one case, 
a number of L.P. rotor blades on the first row (alternator end of 
two-flow rotor) failed and caused considerable blade damage. 
Investigations into the vibrational characteristics indicated that the 
blades were slightly sensitive and probably failed due to prolonged 
running when subjected' to vibration. New blading was provided 
with stronger lacing wires of greater length to remove the blading 
further from the sensitive region. 

Carryover from boilers may cause deposits on the blading, and 
sotfreduce the turbine output. A 30 MW set which had only been 
in service for one year would only do 28 MW due to this. After 
applying saturated steam (together with compressed air for cooling) 
the 30 MW output was obtained. 

A small connection may be provided so that a regulated quantity 
of water may be introduced into the main steam supply after the 
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Table 43. Turbine Blade Data 


Typ« of Turbine 

Impulse Reaction. 

8 Cylinder 30 MW, 8,000 r.p.m. 

Impulse, 2 Cylinder 

50 MW, 1,600 r.p.m. 

H.P. 

I.P. 

L.P. 

H.P. i 

1 

L.P. 

Number of stages . 

16 

9 

10 

Double 

flow. 

28 

1 

16 multi- 
exhaust. 

Max. blade length, 
in. . 

4*07 

9 62 

14*87 

2*80 

24 

Max, blade speed, 
ft. per sec. . 

441 

629 

901 

375 

705 

Max. stress at blade 
root, tons per sq. in. 

2*68 

647 

10*0 

6 0 

6-7 

Min. radial clearance, 
in. . 

0*26 

0 26 

0036 

0*25 

0*26 

Min. axial clearance, 
in. . 

0*16 

0*16 

0*50 

0*04 

0 10 

Diaphragm material 

1 

1 

Alloy 

steel. 

Cast iron. 

1 

J per cent. 
Mo. steel. 

C.I. except 
multi - ex- 
haust F.M.S. 

Nozzle material 

Alloy 

steel. 

3~6 per 
cent. 
Nickel 
steel. 


^ per cent. 
Mo. steel. 

1-3, i per 
cent. Mo. 

steel, re- 

mainder 
rustless. 

Blade material 

Stainless 

iron. 

Stainless 

iron. 

Stainless 

iron. 

Stainless. 

Stainless. 


Stop valve conditions : 600 lb. per sq. in. and 800° F. 


isolating valve with the set running at low speed. Grit from stoker- 
fired boilers is not too abrasive, but is more effective than pulverised- 
coal fly-ash for ‘‘ sand ” blasting turbine blades to remove deposits. 

Nozzles. The nozzles consist of segmental steel castings having 
high-carbon steel division plates cast in position and set at the 
correct angle for directing the steam against' the rotating blades. 
The sides of the nozzle openings are highly finished to afford the 
least possible resistance to the flow of steam. 

Diaphragms. The diaphragms containing the fixed guide vanes 
or blades are of cast steel in the high-pressure high-temperature zone 
and cast-iron in the low-pressure low- temperature zone. The vanes, 
which are usually of special steel, are cast in position. In the high- 
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pressure stages where the axial width of exit of the nozzles is small 
the nozzles are machined out of solid blocks of steel and fitted and 
secured to the mild steel centre portion of the diapliragm. In the 
lower pressure stages where the width of exit is large the steel division 
plates forming the nozzle openings are cast into diaphragms of 
semi -steel or ciast iron. A diapliragm in which nozzle openings 
through which the steam passes from one wheel to the next is placed 
between each two adjacent wheels of the turbine except in the case 
of the reaction stages. Tlie diaphragms, whicli are made in halves 
and fixed so tliat they lift with the casing, are provided w ith a socket 



Fig. 2sl. Lower IfalT of Noz/Io Diaplirapni, (^ist Typf\ for Low'-presaure 
Stage. (Bi'itish ’i’honison-Hoiistoji (’o. Ltd.) 

and spigot joint to ensure accurahi alignment and to prevent 
leakage of steam from one side of tlie diajihragm to tlie other 
(Fig. 281 ). The central opening in each diaphragm through which the 
shaft passes is sealed by means of a labyrinth type of patching gland. 

Couplings. Couplings are designed so that they are capable of 
transmitting large powers at liigh speeds and in addition prpvide a 
considerable measure of flexibility. 

The steam rotors of multi-cylinder turbines are connected 
together by a coupling of either the solid or flexible type, depending 
on the design of the turbine (Fig. 282). Couplings of the double 
flexible type in which each shaft end has a toothed claw^ mounted 
on it, the two claw^s being connected by a sleeve, are made so that 
the sleeve has an extremely small radial clearance on each clawL 
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In some cases considerable wear has taken place between the claw 
faces after a number of years of service. Examination of the 
couplings has revealed tliat wear had taken place on the driving 
faces of the claw and sleeve resulting in the fonnation of steps 
or imprints of the claw teeth on the sleeve, thereby preventing 
axial movement of the alternator rotor towards the turbine. If 
this wear became excessive the possibility of claw fracture must not 
be overlooked, and the inclusion of brass or copper alloy pads with 
oil ways on the sleeve claws may reduce this. Tlic reason for this is, 
if the coupling claw has moved out of (entre due to a large radial 
clearance and steam is admitted to the turbine (so that the shafts 



Fig. 2S2. (Maw Typo Floxiblo Couj)liiig for Multi-cylinder TurtuniJ. 
(Britiwh Thomson -Tloiiston To. Ltd.) 


accelerate continuously) then the driving force will be sufficient to 
Ibck the coupling sleeve out of (entre and a slight unbalance will 
result. A radial coupling clearance of not more than 0*005 in. on 
diameter has been found satisfactory, adeejuate flexibility being 
maintained. 

Couplings of the single flexible type, where the connecting 
sleeve is rigidly bolted to a flange formed on one shaft end, however, 
have a very mucli larger radial clearance, about 0*03 in. on diameter, 
since the sleeve cinnot become cc(;eiitric and thus upset the balance. 
Coupling claws are lubricated by oil ducts adjacent to the bearings 
from which oil is received through oil ways comiected to the oil 
inlet. The coupling between the turbine and alternator may be of 
the flexible claw or the semi-flexiblo bellows types. The latter 
permits of slight movement in a transverse direction which is desir- 
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able in cose the turbine and alternator rotors are not in exact 
alignment. The L.P. turbine thrust can take up axial movement 
from the alternator rotor. 

When a machine is out of service for overhaul it is advisable to 
inspect the coupling keys for slackness and “ steps.’* If the keys are 
“ stepped ** it may be that the machine has been subjected to short- 
circuits. It may be necessary to make new keys before re-commis- 
sioning if trouble-free operation is to be obtained. 

Errors in alignment may be introduced by faults in erection or 
by foundation subsidence. When foundations are placed on very 
poor ground it is desirable to fit permanent level indicators around 
the foundation' blocks. (Coupling bolts should withstand the 
short-circuit stresses on test and in commercial service without 
permanent distortion, but should be designed to shear before any 
damage is done to the shaft. 

Bearings. The main bearings are spherically-seated and self- 
aligning and consist of horizontally divided cast-iron shells lined 
with w’hite metal and lubricated Tinder oil pressure. Large diameter 
shafts running at high peripheral speeds are designed to remove 
the oil after it has passed once around the bearing surface and to 
introduce a new charge of cool oil just above the point of exit. 

The inlet and outlet apertures are above and below the bearing 
joint respectively. The high-pressure oil inlets at the bottom of 
the bearing receive their feed from the jacking pump. Special circum- 
ferential oil grooves arc included at each side of the top half to flood 
the bearing and so prevent ingress of air whicJi may provoke aeration. 
The bottom halves are arranged so t hat they may be removed without 
appreciably raising the shaft. Supi)orts are provided for taking the 
weight of the shaft when the bottom half bearings are removed. 
The shaft oil and water throwers are designed to prevent any escape 
of oil from the bearings and also leakage of any steam or water into 
the bearing oil wells. Any escape of oil from the main bearings 
may be prevented by -oil guards consisting of internally grooved 
labyrinth rings attached to the bearing housings and closely 
embracing oil throwers provided on the shaft. To maintain the 
correct axial position of each rotor (depending on the design of 
turbine) a thrust bearing or block is provided, the thrust housing 
being mounted in the bearing pedestal. 

The ‘‘ Michell ** type is commonly used, the bearing surface being 
divided over a number of pads, each being free to take up a slight 
angle to the plane of rotation. The oil is drawm into the wedge- 
shaped space so formed and the resulting high-pressure oil films 
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between the surfaces prevent meiallio contact and enable the 
thrust to I>e floated on oil. Tlie wear on the pads during normal 
operation is very small. Bridge gauges are supplied for each bearing 
so that the wear on the bearing may be ascertained. Vent pipes 
are fitted to the bearing caps to carry off oil vapour. 

The oil baffles between the bcarhxg and shaft neck gland at the 
high pressure end of the turbine quickly carbonise if the steam 
temperature is allowed to exceed the designed figure for appreciable 
periods. This carbonisation is a source of danger from a fire point 
of view, and may also cause vibration. The oil di^iuns from the 
bearing should be kept free otherwise the oil baffle trouble referred to 
is aggravated. The oil baffle arrangement varies in design and 
construction but in a number of cases consists of a copper strip 
assembly wiping on the shaft. When carbonisation takes jdace to 
any appreciable extent, binding on the shaft, with consequent 
friction and vibration occ^urs. On occasions the carbon has been 
knoAvn to catch fire — a dangerous development. 

Lubrication System. In view of the high speeds at which turbo- 
alternator shafts revolve the lubricating system becomes an impor- 
tant feature in their design. The rotor shafts are supported on a 
thin film of oil which ]Drevents the surface of the shafts from coming 
into contact with the bearing. Tlie physical properties of the oil are 
liable to change und('.r high temiierature and this should he main- 
tained at a reasonable figure. Oil for lubrication should be cjon- 
tinuous, under pressure, cool and free from injurious foreign mattc^r. 
The design of the lubrication system should be carefully considered in 
co-operation with the turbine manufacturer and the oil supplier if 
a successful system is to be obtained. C-leaiiliness is essential in all 
f)arts of the set and system with whic^h the oil comes in contact. 
Paints should not be used for bearing castings, inside of tanks, 
pedestals, etc. 

The oil system, including all pipes, require cleaning and this 
can be done by charging the system with a chemical vapour which, 
on condensing, thoroughly cleans the [)ipes of deposits and reduces 
tlio bearing temperatures. 

Oil Pumps. The main oil pump whi(;h is directly driven through 
gearing from the turbine shaft draw's its supply of oil from the oil 
tank through strainers incorporal cd in the tank. In some designs 
the pump is placed in the oil tank, the drive from the turbine shaft 
being through bevel gearing. Two helical wheel pumps may be 
on the same drive, one giving high-pressure oil supply to the relay 
gear and the other low-pressure oil to tlie bearings. 
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Three sii|)erinij)osed oil pumps liavc been taken from one drive, 
the pumps all being immersed in the oil tank. The top pump delivers 
oil at a pressure of about 70 lb. p.s.i. (power oil for the governor) 
to the underside of the power pistons of the governor valves, the 
excess oil passing into the lubricating system through a relief valve. 
The central pump supplies oil at jn-essure of about 15 lb. p.s.i. to 
the lubricating system (machine bearings). The oil frenn the lower 
or pilot ])unip serves for the control of all steam x alves. Before 
entering the system, however, this oil first passes through an 
emergency trij) valves which is desciibecl in a latei* section. I'liis 
valve only comes into o])eration in the event of the turbine speed 
exceeding a [uedeter mined limit (»r in case tlic turbine driver should 



Fic;. 2S3. Sec tional Kloval ion of Main Oil Pump, Tliree-whc'ol Typo 
(Pritish '^I’lionisorcrionslrai Cc;) Ltd.) 

desire to stop Ihe set in an cnnergcncy. 1'he oil supply for the 
governor gear or servo-motors is taken from the pump delivery 
where the maximum pressure and minimum viscosity obtains. 

The type of pump now fitted to large turbines eonsists of two- 
or three-toothed whec^ls, goariug with one anotlier, and fitting 
into a comparatively small casing. The pump is driven from the 
turbine shaft through gearing and since there arc no valves or com- 
plicated parts this type has proved very reliable. Figs. 283 and 284 
show two types. To provide a supply of oil to the bearings when 
starting up or shutting down it is necessary to have an independently 
driven pump. This auxiliary pump, Fig. 284, is driven by a 
small steam turbine, the pump being submerged in the oil tank. The 
ppmp is also arranged for automatic operation in the event of failure 
of the main mechanical oil pump. The steam supply to this turbine 
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is controlled automatically by the oil pressure in the lubricating 
system so that when the main turbine slows down the auxiliary pump 
will start and continue to supply oil to the bearings until the master 
steam valve is closed. To allow of operating the auxiliary oil pump 
for purposes of testing and overliauling the emergency stop valve 
and governor valves when the set is shut down it is possible to pro- 
vide an alternative steam supply from an auxiliary range. Alter- 
natively, the by-pass valve on the main steam receiver can be used. 


PRESSURE REGULATOR FOR 
AUXILIARY OIL PUMP 




Fig. ‘284. Sectional Elevations sliowinf? Assembly of Auxiliary Oil Pump 
and Pressure Repulutor for Pump. (British 'rhonison-Houstou Co. 
Ucl.) • 


The oil from the main ajid auxiliary pumi)s is at a (ionsiderably 
higher pressure than that required for lubrication purposes and is 
therefore passed through a reducing valve tg obtain the desired 
pressure. Venting connections on this pump should be watched to 
avoid air locks and a hand pump is useful for the top bearing during 
running up. A small steam turbine can be arranged to drive a 
combined gear and centrifugal jaimp which is used when starting 
and stopping the main turbine or in an emergency. As in the case 
of the main gear oil pumps (on main turbine shaft — one for lubri- 
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eating and one for relay oil), the gear portion supplies oil at a pressure 
of 70 p.s.i. for operating the relay valve gear and also feeds the 



alternator seal system. The centrifugal pump delivers oil at pressure 
of 15 p.s.i. for lubricating the bearings and thrust blocks. This 
pump is controlled by a regulator which automatically starts when 




Fio. 286 Diagranunatic Arrangement of Oil System for 50 MW Turbo-alternator. 







530 


ELECTRIC POWER STATIONS 


auxiliary oil pump, and it commences to deliver oil to the bearings, 
being cut out automatically when the set has reached normal 
running S 2 )eed. This pump supplies the oil for priming the bearings 
when starting up or shutting down. 

Various forms of automatic regulating valves are in use, and 
they sometimes suffer from valve sti(*.kiness and may cause nuisance 
due to oil leakage. The standard arrangement comprises an auto- 
matic regulator valve which acts as a reducing valve and in addition 
a throttle plate may be fitted in front, of the turbine nozzles for 
reducing the pressure (possibly 400 lb. on a 600-lb. steam supply). 



€123456769 JO 

noURS ArTER TURBINE 
SMUT DOWN 

Kk;. 287. lioaring Toiaj^emturcs with and without Oil Piunp. 

The size of hole in the plate is adjusted on site until the pump gives 
the desired oil luessure. The steam i>ressure may be hand controlled, 
the pump being placed on the operating floor, but there are stations 
where it is in the basement. Jn the former position the turbine 
driver is responsible for its operation, whereas in the latter it is 
under the control of the auxiliary iflant attendant. This is only 
a small ixflnt but it may give rise to discussions on the division of 
labour in the station. Where a reliable and independent source 
(preferably from the station battery) of auxiliary supply is available 
it may be justifiable to dispense with this turbine-driven auxiliary 
oil pump and substitute a motor drive. A further alternative is to 
have a combined turbine electric-driven pump which incorporates 
the usual automatic features. In some installations there are two 
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a.c. motor-dl-iven oil pumps and should No. J pump fail, No. 2 
pump is then started automatically. To guard against failure of 
a.c. supply, No. 3 pump (d.c.) is started automatically. Reserve 
supplies of lubricating oil may be stored in small oil vessels placed 
immediately over each bearing. When barring gear is fitted it is 
necessary to include high- and low-pressure oil pumps for jacking 
and continuous cooling of the bearings. Where barring gear is not 
fitted it is sometimes advisable to run the auxiliary oil pump for 
some considerable period after the turbine has stopped to avoid 
local high oil temperatures. This may necessitate an auxiliary 
turbine designed for prolonged o])eration or trouble may be experi- 
enced from turbine failures. 

Figs. 285 and 286 show two typical oil sj^stems, and Fig. 287 
illustrates the bearing temperatures with and without the oil pump 
in operation. 

Oil Coolers. IVj ensure that the oil is cooled to a, suitable 
tempt^rature (‘oolers are provided, the cooling surface required 
depending upon the temperature of the water used. The coolers 
may be placed in the basement immediately below the turbine, or 
alternatively mounted on an intermediate platform. Some engineers 
cfmtend that the oil tank should be the lowest point in the lubri- 
cating system and not tlie coolers as in many installations. Tlie 
design and layout of the coolers should permit of easy access to the 
tubes for (leaning. The cleaning of the oil side, the outside, of 
tubes may be done ith a degreasing agent such as trichlorethylene 
(bearing temperatures have l)een redu(?od 20^ F. after such treatment) 
or alternatively by immersing tlie tube nest in a solution of caustic 
soda, caustic potash or sodium carbonate. After treatment it is 
essential to remove all trace of the cleaning solution. This may be 
done by means of a steam jet with repeated washings with clean 
water as a final precaution. Tlie tubes should not be tinned on the 
inside. Drain valves should be fitted on both the oil and water sides 
of the coolers, although it is possible to dispense with the water- 
space drains in some layouts. The pipework to the coolers should 
be arranged so that any cooler can be removed when the set is 
running. Vertical coolers arc used as any slwlge will fall to the 
bottom, and to assist this precipitation the oil should enter tlie coolers 
on the top. The cooler water inlet would then be at the bottom and 
contra-flow would ensure good cooling. The oil pressure in the 
coolers should be maintained at a higher value than that of the 
cooling water to prevent leakage of water into the oil system. 
Even so it is possible for small quantities of water to be injected 
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into the system. Under normal working tlie cooling \^ater is taken 
from the circulating water system, but in cases of emergency may 
be taken from some other source, e.g., the town main or reserve 
tanks. The general opinion is that oil should never exceed 140° F. 
for prolonged periods. A uniform normal oil temperature protects 
the bearings and reduces likelihood of moisture condensation in the 
oil system. The quantity of air in vapour spaces of the oil system 
may be held to a minimum by means of an exhauster. In some 
cases high local heating or hot sj^ots in the bearings or relay and 
pump gear appears to have been responsible for deterioration of 
the oil. With large sets it would appear that a maximum tempera- 
ture of 130° to 1S0° F. is desirable if the oil is to be maintained in good 
condition. Test results show that increase in the oil velocity is more 
effective in raising the overall rate of heat transmission than the 
coiresponding increase in the water velocity, but care is needed 
regarding the pressure drop across the cooler, especially on the oil 
side. High velocities under working conditions involve heavy 
pressure drops at starting when the viscosity of the oil may be three 
to six times as great, and special fittings, such as spring-loaded 
by-pass valves across the cooler, may bo necessary to avoid over- 
loading the oil pump. 

In some designs the oil flows over the tubes at between 80 to 
100 ft. per minute and the water flows through the tubes at about 
30 ft. per minute. When cooling heavy medium turbine oil the heat 
transmission rate at these velocities is between 35 to 40 B.Th.U. per 
hour per sq. ft. per ° F. 

Flexible Couplings. "I’c reduce wear an oil supply is provided, 
suitable grooves being included to distribute the oil over the driving 
face. 

Strainers. These may be arranged in the oil tank or alternatively 
at the suctions of the pump and should permit of cleaning and 
inspection whilst the, plant is running. A fine strainer made of 
brass gauze is sometimes arranged inside a coarse perforated sheet 
steel strainer. 

Oil Tank. This should be capable of holding an ample supply 
of lubricating oil and in addition may be designed to incorporate 
the oil strainers. The tank is generally constnicted of boiler plate 
made up in the form of a hopper. This enables water in the oil 
system to settle out and be drained off. In the detailed design of an 
oil tank the following points are worthy of consideration : — 

(1) AH manhole Uoor.s and other openings slumld be perfeetiy oil-tigfit. 
A good jointing material is essential. 
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(2) Easy au(‘.es8 Khoulii Ixi provided to all internal pasHHges and littings 
tt) facilitate cleaning. 

(3) Pockets should bo avoided where water is likely to collect. 

(4) Large drains should be provided for the removal of oil and sludge. 

(6) The return oil pipes to the tank should have their outlets below the 
working level of the oil to prevent spraying of oil. 

(6) Arrangements sViould bo made for lilling, emptying and sampling of oil. 

(7) Suitable vapour outlets should be provided. 

The auxiliary pump may be plac;ed inside the oil tank or alterna- 
tively a connection taken to it from the tank. The tank should 
be kept as far away as possible from steam pipes to minimise the 
risk of fire. Oil tanks have been placed outside the buildings on 
this account. The usual place is just below the operating floor and 
the flooring immediately above should be rtjmovablc to give access. 
Adequate vent or vapour outlets should be provided on the oil 
tank and be brought up above floor level, for if they discharge to the 
underside of the floor the surrounding area becomes coated with oil. 

The outlets should have cowls and collecting trays with drain 
pipes leading back to the oil tank. An alternative is to turn the 
vapour outlet into a tundish below floor level. Baffles welded into 
the pipe prevent oil throwing. Oil should be periodically drawn off 
from the bottom of the oil tank to remov^c any water or sludge 
which may have settled. The rapidity of circulation may have 
some effect on the deterioration of an oil, and in order to limit the 
rate of circulation the oil tank should be as large as possible. The 
total quantity of oil in the system bears a definite relation to t ho 
pump capacuty, namely, 

Q X GO 

(lianges per hour ^ 

where Q — the pump capacity in gallons per minute. 

C capacity of oil in system in gallons. 

It has been suggest(‘d that tlie number of changes per hour should 
not exceed 6 to 10, even if highly refined oils are used. The changes 
per hour for some sets can be estimated from the figures given in 
Table 44. The air and water have a better (diance of separating from 
the oil in a large tank tlius enabling the oil to function under the best 
possible conditions. 

Oil Purifiers and Filters. A mo tor -driven centrifugal oil purifier, 
pump, heating apparatus, de-aerating tank and other fittings are 
included. A given amount of oil is drawn continuously from the 
oil tank, passed tlirough the purifier and returned to the system. 
In this way the complete filling of oil is subject to purification, any 



540 


ELECTRIC POWER STATIONS 


Table 44. Oil System Data 


'I’ype of Turbine 

M.C.U 

ItatinK 

MW 

OU 

tViolcr 
Surface 
aquaro ft. 

Total 

Cool- 

ing 

Water 

K.p.in 

llelay 

Oil 

Presflurt* 

lb. 

square' 

in 

Jioarlrtg 

Oil 

Pressure* 

lb. 

square 

in. 

Oil Tank 
Galls. 

Oil 

Puri- 

fier 

K.p.h 

Te*inp. 

e»f 

Coaling 

Water 

Oil 

clrcu- 

laicil 

g.p.iii. 

Reaction 

1 cylinder 

10 

2 100 

78 

50/70 

7 

260 

30 

60 

80 

Reaction 

1 cylinder 

20 

2-560 

131 

50/70 

7 

390 

30 

60 

135 

Impulse roactio)\ 
3 cylinder. 

30 

, 

3-920 

1 spare 

500 

50 

7/15 

1,500 

200 

90 

270 

Impulse reaction 
2 cylinder. 

3t) 

3 312 

1 spaie 

266 

60 

7/15 

1,500 

200 

90 

250 

Reaction 

2 oylind(M 

30 

3-310 

1 spare 

174 

70 

7/15 

720 
1,000 
in system 

1 10 

60 

ISO 

1 mpulsu 

2 cyliiuler 

oO 

4-368 

1 spare 

300 

70/90 

10/.30 

3,000 
3,700 
in system 

400 

90 

400 

1 mpulso 

3 cylind(M’. | 

T.T 

4 

J spare 



1 300 

80 

10 

1,200 

3,000 

Total. 

200 

7.5 

436 

Kadml How 

10/20 

3 S2 

1 Sparc* 

180 

56/60 

"A 

000 

100 

60 

1 25 



30 

3-170 

1 bpari5 

322 

55/60 

6i 

1,200 

200 

80 

322 



50 

3-230 

1 spare' 

350 

55/60 


1,500 

250 

60 

422 

Impulse reaction 
2 cylinder. 

30 

3 .580 

520 

10/60 

10/1.5 

1,500 
1,800 
in sy.stom 

500 

85 

270 


water and Hlu<lge bcirlg removed. WJien tlie purifier is shut down 
the bowl should be self-draining for if water and sludge remain in 
the bowl and are sliglitly acid, corrosion will take place. Tt is found 
that the purifier discs indicate the presence of oxide deposits and 
this may be minimised by changing the sealing water on alternate 
days. Replacing the water seal in the bowl reduces the accumula- 
tion of acid materials. In some cases an oil filter is included and 
the oil is extracted continuously from the delivery side of the oil 
pump, filtered, and returned to the system. The purifier and filter 
should be placed on the operating floor preferably near the oil tank. 
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The output of the purifier varies according to the size of the set and 
the opinions of Ae engineers responsible for the installation of the 
plant. An oil system of 1 ,000 gallons with a purifier of 100 g.p.h. will 
be complet/ely circulated through the purifier once every 10 hours. 

Filtration of lubricating may be carried out in a central purifying 
house, instead of the more general system of separate filtration for 
each machine. Under the centralised system the oil filtered is 
drawn from one machine at a time. 

Oil Pipework. The oil pipes should be of solid drawn steel, 
attention being paid to all joints and jointing materials, for oil 
under pressure is very penetrating. Although control valves may 
be used, they are not recommended, since it is [)ossible for one to 
be left in the closed position. Nozzle plates can be fitted in the 
bearing supply pipes and are j)referable, the size of nozzle being 
determined when putting the set into service. Each return pipe 
should be fitted with an oil box so that the flow of oil from eacli 
bearing may be observed and the temperature taken. In certain 
portions of the pipework small copper ])if)es may be used. All oil 
pipes should be kept away from steam pipes and when this is 
unavoidable the steam pipes should be arranged to pass over the 
oil pipes to minimise the fire risk due to oil falling on the steam 
pipes. 8onie makers have suggested and tried the use of an oil 
pipe within a piy )0 to ])rcvent spraying of the oil and ])()ssibility of 
fire in the event of a relay pipe fracturing. The oil service can be 
arranged on the side of the macdiine remote from the steam snp])ly, 
with the unavoidable exception of tlie oil piy>es to the relays and the 
emergency \ alve and throttle a alves. Every precautioji is taken to 
eliminate fire risk arising from accidental t)il leakages. The oil 
yjiy^es subject to y)ressure can be mounted inside a large drainpiy)e 
or trough : even the oil drainy)ipes, when they ci oss the steam main 
they can be mounted in a concrete trench to prevent accidental 
dripyjing of oil on hot parts. It would apyiear desirable that all steel 
pipes should be annealed alter being in service foi* a few^ years as 
hardening takes jflace due to vibration during the running yieriods. 
Branch oil piy)cs leading from the bearing ]>edesta]s to the main oil 
pipes are polished. The sludging of oil has be(?n attributed to the 
y^resence of copj)er in lubri(^ating yuy^es as it acts as a catalyst to 
the formation of sludge, particularly when associated with aeration 
and high oil temj^eratures. To avoid heating of bearings due to 
induced currents the outside end bearing of the alternator, the oil 
pipes and any lead-covered or wire-armoure<l cables connected 
thereto, should be insulated from the bed plate. ^ 
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Table 45. Oil System Auxiliaries 



i 

' 

B.U.P. Hating 

Unit 

Typo 

1 

Drive 

30 MW 

8Pt , 

60 MW 
set 

Main oil pump 

Toothed wheel. 

1 

Gear — Main shaft. i 



Auxiliary oil pump 

Centrifugal 

Auxiliary turbine 

— 

— 

Flushing „ 

Centrifugal 

Motor 

24 

11 

Jacking „ „ 

Piston -displacement 

f * 

8 

6 

Relay 

Centrifugal 


— 

10 

Oil purifier 

Centrifugal 


2 

2 

Jacking oil pump 
(alternator only). 

Piston-displacement 


H 



General Data. Particulars of lubrication systems for a number 
of turbo -alternators arc given in Tables 44 and 45. 

Regarding the 75 MW set in Table 44, the oil-settling tank on 
the basement floor has a capacity of 1,200 gallons. The total 
quantity of oil in the system is about 3,600 gallons, which includes 
that in the settling tank and the de-aerating and collecting tanks. 
These are located just below the turbine -oj^erating floor, and the 
return oil from the bearings is delivered into them before flowing 
down into the 1,200 gallon oil settling tank. The coolers are of 
special design and the surface cannot bo compared with that of the 
usual type of coolers. Each cooler is designed to cool 3,600 gallons 
of oil per hour from 130^^ F. to 110° F. The relay oil pressures given 
in Table 44 are the maximum figures and are really the pump 
pressures, e.g., in the case of the radial flow machines (55 to 60 
p.s.i.) the pressures in the relay cylinder are between 23 to 24 p.s.i. 
when under control of the governor. 

The capacities of the auxiliary oil juimps for 30 MW and 50 MW 
sets respectively were as follows : — 


( Turbine-driven pmnj> , . . . .156 g.p.m. 

Motor-driven Hulling pump .... 120 „ 

( Turbine-driven pumij ..... 400 ,, 

Motor-driven flushing pump .... 300 ,, 


Barring Gear. Barring equipment, as its name implies, is a 
turning or rolling gear for slowly rotating the shafts of the turbo- 
alternator and is on the lines of similar gear used in rolling mill 
practice. 

The barring gear serves a numl)er of purposes, namely : — 

( 1 ) To start the set from rest witliont the use of stoam« so bringing about 
a saving of valuable time in cases of emergency. 



TURBINES 


543 


(2) To rotate the ahafts slowly wlioiiatearn has been uut off, thus prevent- 
ing any permanent set or bonding due to uneven contraction which may 
occur if allowed to cool off whilst stationary. Ensures even cooling off of the 
turbine rotors after set is shut down and enables it to be restarted quickly 
in emergency at any time afte^ shutting down without risk of vibration. 

(3) Minimises poasibility of sliaft distortion at starting, due to unequal 
heating caused by inrush of steam. 

(4) Maintains tui oil film between the bearings and shaft journals which 
may cease to exist due to vaporisation. 

(5) To protect the turbine blading and avoid severe temperature stresses 
in the valve chest and cylinders. It itmders unnecessary the sudden admission 
of a large quantity of steam at a high temperatuie and pressure to start the 
turbine from rest. 

(6) To tiu*n the rotors for inspection purposes. 

IT 

When barring gear is only fitted for the purpose of turning 
during inspection a manually operated type can be included. With 
electrically operated barring gear it is necessary to provide inching 
contactor starters to enable inspection of the rotors to be carried 
out. The “ inching or “ start ” and “ stop stations can be fitted 
at convenient positions on the turbine bedplate. In some machines 
tlie speed of the rotors during barring is very low, in the region of 

to 2 r.p.m., in which case ‘‘ inching ’’ control is quite unnecessary. 
Some makers contend that “ inching ’’ subjects the bearings to 
repeated knocks which in time may give rise to damage, conse- 
quently they prefer to fit a manually operated gear to be used for 
inspection purposes only. Some makers do not consider barring gear 
essential in the operation of turbo -alternators running at 3,000 
r.p.m., aild have only fitted tliis equipment to sets of largo shaft 
diameter operating at a speed of 1,500 r.p.m. where there is a ten- 
dency for the shaft to deform due to uneven heating or cooling. 
When shafts are comparatively small in diameter they have not 
deemed it necessary to fit continuous barring gear on this account 
wdiilst others claim that this is desirable where turbo -alternators 
may be required to be started up within, say, twenty -four hours 
of having been shut down. Motor barring gear is fitted to each end 
of large radial flow or double rotation sets, but only for convenience 
in erection and alignment and not for use in startmg or shutting 
down. The light weight of the turbine parts i^iakes the procedure 
of slow' turning while lieating or cooling quite unnecessary and sets 
smaller than 40 MW capacity aix? not fitted with barring gear. 

A typical specification for a barring gear is ; — 

An electrically operated barring gear of approved design and construc- 
tion shall be fitted to enable the turbine an<] alternator rotors to be revolved 
for cooling or inspection purposes. The gear shall include the necessary high- 
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and loW‘2')re8sure oil systems for jacking and continuous cooling of the turbo- 
alternator rotor bearings, and shall be capable of running continuously for 
periods of at least eight hours when shutting down the set . 

The value of continuous bari’ing or rolling gear is being readily 
appreciated by station operating engineers with the large sets now 
in service. As an example, a 50 MW set was shut down nightly at 
10 p.m. and put on load again at 6 a.m. the next morning for over 
one year. During the shut down period the sot was kept turning, 
and at no time was vibration experienced during starting-up next 
morning. How soon a turbo -alternator may be run up to speed 
and take load at any desired time is a point of utmost importance, 
and the possibility of damage to the set^ and the objectionable 
vibration produced calls for consideration. When a turbine is 
started up in a half-warm condition, excessive vibration may take 
place. If a set has been shut down only for a short time and is 
still hot, or if it has been out of service for sufficient length of time 
to have become cold, then no vibration is likely to be experienced 
when starting up. More often than not a turbine will be in an 
intermediate condition and vibration may under certain circum- 
stances occur on re starting due to unequal cooling of the turbine 
rotors. The motor-driven turning gear keeps the set continuously 
in rotation when warming through and also when taking off load, 
thus obtaining even heating and cooling throughout. It is desirable 
in the operation of power stations that sots should be capable ol 
being put quickly and easily in commission. The starting pro- 
cedure adopted for 75 MW sets calls for careful consideration. The 
practice in one station is to start up these sets with a 3-in. Hg. 
vacuum without the aid of a gland sealing steam, which is not 
turned on until the set is up to full speed. This prevents the impinge- 
ment of hot steam on one portion of the shaft during the time vacuum 
is being raised and necessitates large stand-by air ejectors. The 
time required depends largely upon the capacity and type of set, 
and the rate of pickmg up load is governed by the temperature of 
the turbine casing, the latter depending on the extent to which the 
set has cooled when out of service. A rate of loading of about 
1,000 kW per minute has been suggested but this appears somewhat 
rapid after a set has been shut down for two days or so. Sets of 
from 15 to 40 MW may be gradually loaded to full capacity within 
say twelve to thirty-five minutes after being S 3 mchronised. The 
time taken to run up a set will, of course, depend upon the running 
up and putting into operation of the associated auxiliaries. Turbo- 
alternators of 30 MW output have been run up to speed in twenty 
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to tlurty minutes without any special precautions being taken. 
Wherever possible the longest time available should bo taken to 
load up a set especially if it has just been commissioned. Large 
shafts should be warmed and cooled with care to avoid bowing 
due to uneven heating and cooling. Any uneven cooling from a 
temperature of 600° to 800° P. down to standstill temperature brings 
stresses of considerable magnitude into play. Further, long and 
heavy rotors, 60 ft. long and over 100 tons in weight, have to be 
reckoned with. When a turbo-alternator is shut down and allowed 
to come to rest the low^er half of the casing cools more rapidly than 
the upper portion, and tins uneven cooling tends to bow the shaft. 
On starting up a set with the shaft in a distorted condition pro- 
nounced vibration will be prevalent and a much longer time will be 
necessary in running up to speed. A shaft in this condition may be 
straightened by running for a short period at a speed of between 
200 to 300 r.p.m. Indicators may be provided on the shaft to 
bring to notice any deviation from the straight. 

The manually -operated type of turning gear consists of a worjii 
engaging with teeth on the flange of the main coupling and is 
operated without removing the bearing cap. When not in service 
the worm is removed. A lever with a crossbar fitted at the end 
facilitates operation by two men. Two such barring gears are pro- 
vided, one wuu’king between the H.P. and I.P. turbine, and one 
betw^een the L.P. turbine and alternator. With this arrangement 
the set can be rotated by means of the two barring gears, or by dis- 
connecting the coupling between the L.P. turbine and alternator ; 
the turbine rotors or the alternator rotor cau be rotated independently 
with one of tiic barring gears. 

Electrically-(jporated baiTing consists of a motor driving through 
a train of gears on to the rim of the main coupling which revolves 
the shaft continuously during the shut-down period. The time 
taken for a large turbo -alternator to cool dowm may vary from 
four to sixteen hours, or even more, depending upon the type of 
turbine. Another feature of importance is that of cooling the shaft 
journals during the closing-down period. This is essential to prevent 
damage to the bearing liners due to transference of heat from the 
turbine rotor to the journals during this period. The barring gear 
may be mounted on the L.P, pedestal cover between the turbine and 
alternator, or the exciter end of the alternator, and brought into 
operation by means of a hand lever, but arranged to disengage 
automatically when the set has approached full barring speed. In 
some installations the barring gear trips out automatically when a 
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speed of 20/30 r.p.ni. is reached. The barring gear pinion is kept in 
engagement automatically by the power transmitted so long as the 
motor is turning the rotors, but as soon as the turbine revolves 
under its own steam at a speed high enough to overrun the motor 
drive, the pinion is automatically withdrawn. It is thus impossible 



for the gear to be inadvertently left in engagement when the turbine 
is being brought up to speed under its own steam. A locking device 
may be provided to hold the gear in the ‘‘ off ” position until reset 
by hand. Some makers fit underslung barring units and these 
appear to have advantages. The minimum speed at which the shafts 
may be turned is important and depends amongst other things 
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upon the load and viscosity of the lubricating oil. It lias been stated 
that the critical figure below which the speed must not fall if an oil 
film is to be maintained is in the neighbourhood of 18 r.p.m. The 
speed of rotation of the shafts required to prevent temperature 
deflections is very small probably about 2 r.p.li. As an approxima- 
tion the minimum speed of the rotor shafts may be estimated if the 



viscosity of the oil and bearing load is known. If very low rolling 
speeds are adopted it may be necessary to maintain the high pressure 
oil supply throughout the rolling period. If the rolling gear be 
arranged so that the surface speed of the journals exceeds the critical 
journal speed for minimum friction, then the high-pressure oil can 
be discontinued when the gear has attained full speed. The critical 
journal speed is about 20 ft, per minute, and gears designed to keep 
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the shafts rotating at slightly above this speed are preferable to 
lower speed gears. Wliere special lubricating systems are provided, 
lower speeds may be adopted. In practice, speeds from 14 to 
25 r.p.ni. appear to be satisfactory, and in addition “ inching 
control is included. 

On 50 MW, 1,500 r.]).m., sets a turning speed of 2 r.p.m. has 
proved suitable. To reduce the torcjue on the barring gear a separate 
high-pressure oil system operating at a pressure of about 1,000 to 
2,000 (p.s.i.) supplies the turbine and alternator main bearings. 
This higli pressure lifts the shaft journals off the bearings and 
establishes an oil film before the barring gear is put into operation 
and so prevents damage under shnv running conditions. A separate 
motor-driven ])ositive high-pressure oil ])ump or jacking pump is 
installed for this [)urposc. Each bearing supplied at high pressure 
has its own pump plunger, thus ensuring that no beiaring is 
starved. 

Another au:xiliary motor-driven j)um]) or hushing pump is pro- 
vided to supply the oil for lubricating pur[)()ses during the slow 
turning period. This pump can also })e arranged to serve as a 
standby to the turbine-driven auxiliary oil pump. The flushing 
pump also suj)plies the barring gear with lubricating oil. Some 
makers have only considered it nec(‘^sary to provide tor jacking the 
alternator rotor and a very small pum]) is required. Oil systems are 
illustrated in Figs. 288 and 289. Consideration hfis been given to 
other methods of overcoming the shut-down ])criod diffi (Mil ties. For 
example, it has been suggested that a co\'er of heat -insulating 
material could be placed over the casing and the intervening space 
heated electrically. The casing Avould then be maintained at 
normal working temperature during shut-down periods and permit 
of practically instantaneous starting. In powen -station operation the 
conditions arc such that gemerating units of 30 to 60 MW may 
only be required for peak load periods and may therefore have to be 
ro-started almost daily., and in extreme emorgoucy it may be essential 
that these units be j)ut into service in the shortest possible time. 
To obviate difficulties from unevtm (tooling it is not absolutely 
essential to keep the shafts turning continuously, for it would suffice 
to turn or iiu^h ” them through part of a revolution at intervals of, 
say, half an hour. The gear required for intermittent service would 
have to deal with very huge toi-cpies and general jnactice appears to 
favour continuous turning at a slow speed. 

Control of Barring Equipment. The motors are usually of the 
squirrel-cage type arranged for dii-ect on line starting. The flushing 
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pump can hiixc a (Lc. motor and in the (3veiit of power failure take 
a supply from the station batiery. In this way the pump will 
maintain oil pressure to the bearing while the set is slowing down 
due to loss of steam when the speed is too low for the main oil pump 
to be effective. The auxiliary steam pump would also serve this 
purpose unless complete steam failure is experienced. The sequence 
of starting up is as follows 

(1) kStart flushing oil pump. 

(2) „ jacking „ 

(3) ,, barring drive. 


S^orr/A//; 
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Fac. 290. Koy Diagram of Oil Pumps and Barring Cilear. 


The reverse order being taken when shutting down. 

A number of makers insist that t he sequence of operations should 
be adhered to and to ensure this being done sequence control gear 
is installed. Some makers do not consider sequence starters neces- 
sary, reliance being placed on the operating staff to carry out the 
starting of the auxiliaries in the correct ordei\ Fig. 290 gives key 
diagrams for operating conditions. When rolling speeds of 15 to 
20 r.p.m. are adopted, it is possible to cut out the high pressure 
pump after rotation has started. With low -rolling speeds of 1| to 
5 r.p.m. it is necessary to keep the jacking pump in service during 
the whole of the shut-down period. Some possible control schemes 
are shown in Fig. 291. 
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Fig. 201. Control Systenis for Eloctricttlly Operated Barring Goar. 


Barring gear motors are subject to the continuous vibration of 
tlie main set and their ball bearings very soon become noisy and in 
some cases are damaged. 

Data relating to turbo-altemaiors fitted with barring gear are 
given in Table 46. 
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Table 46. Electrically-driven Barring Gear Data 




Type of Tvirbine 

§1^ 

Speed 

r.p.m. 

High PreHsiire 
Oil 

lb. per square 
Inch 

Turning 

Speed 

r.p.m. 

Motor 

B.H.P. 

lieinarfcs 

Impulse reaction 

3 cylinder. 

30 

3,000 

1,000 

Alternator 

only. 

20 

12 

Direct on line 
starting. Start- 
ing torque equiv. 
to 48 H.P. 

Impulse reaction 

2 cylinder. 

30 

3,000 

1,200/1,600 

25 

20 

Rotor starter. 

Impulse reaction 

2 cylinder. 

30 

3,000 

i 

1,000 

20 

12 

Rotor starter. 

Keaction 

2 cylinder. 

30 

3,000 

2,000 

14/20 

8 

Direct on line 
starting. Start- 
ing torque equiv. 
to 26 H.P. 

Impulse 

2 cylinder. 

60 

1,600 

1,600 

11/2 

10 

Direct on line 
starting. 

Impulse 

3 cylinder. 

76 

1,600 

800/1,000 

8 

26 

Rotor starter. 

Radial flow . 

40/60 

1,600 

Nil. 

20 

2/0 

Motor at each end. 
Direct on line. 


Thrust Block. To locate the wheels correctly m an axial direction 
relative to the cylinder, a thrust block is provided in the high- 
pressure bearing of the high-pressure cylinder and in the common 
bearing housing between the two cylinders. Each thrust block can 
be rotated by worm gear controlled from the outside of the bearing 
pedestals so that the clearances can be adjusted while the turbine 
is running. Unauthorised interference is prevented by locking the 
clearance adjusting gear. The thrust block may bo either of the 
multi-collar type, in wliich a number of collars lined with white 
metal engage with collars machined on the turbine shaft, or of the 
well-known “ Michell ’’ type in which the thrust surfaces of the 
thrust block are fitted with segmental tilting^ pads lined with white 
metal and engage with a single thrust collar on the shaft. 

The amount of thrust in a turbine depends upon the design of 
blading used. To prevent the turbine shaft “ floating ” axially the 
amount of the thrust oil clearance, it is necessary to proportion the 
areas of dummy pistons and blading so that the thrust collar is 
always located against one side of the thrust bearing. The turbines 
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may be designed with the resultant steam thrust directed towards 
either the exhaust end or the steam end. 

Only a small effort is required to cause a rotor to float when it is 
running excited on no-load, although when the coupling is trans- 
mitting power the movement is less free. One cause of rotor thrust 
is the binding of the coupling between the alternator rotor and the 
turbine which prevents free expansion of the rotor due to tempera- 
ture. Examination of the driving faces of the coupling claws will 
reveal pitting if binding has taken place when the set is on load. 
The driving faces can be resurfaced for further service. Another 
feature which may result in increased expansion of the alternator 
rotor shaft is running the set on high prolonged loads thus reducing 
the clearance at the exciter end of the thrust. If the rotor is not 
free to move in the coupling this will result in an excessive pressure 
on the exciter end thrust ring eventually causing its failure. 

Steam Rotor Position Indicators. The axial position of the high 
pressure rotor relative to the casing, giving the correct clearance 
between the rotating blades and the diaphragms, or stationary 
blades, is fixed by the thrust block. It is desirable to check from 
time to time the position of the rotor while the sot is nmning. 
Multi-cylinder turbines in which the rotor shafts are not solidly 
coupled together are provided with a position indicator for the high- 
pressure rotor and also an indicator for the low-pressure rotor. In 
designs where the rotor sliafts are solidly coupled together only one 
position indicator is provided. 

Expansion Measurement. Means for measuring differential 
expansion between rotors and casings of the high pressure and inter- 
mediate pressure cylinders and eccentricity of rotors are often 
employed on large machines and are discussed later. 

Gland Packings. The annular spaces between the shaft and the 
casing whore the shaft passes through the casing are sealed by pack- 
ings at the high-pressure and low-pressure ends of the set. The 
glands are of two types, namely, internal and external. In impulse 
turbines the function of the former is to reduce the steam leakage 
from each cell to the coll adjacent to f.he low-pressure side. These 
glands are of the labyrinth type in which the steam is successively 
tlirottled in passing through restricted spaces between the fine 
edges of the metal packing strips and the sTirface of the spindle. 
The external glands are either to prevent the leakage of steam 
Avhich is at a higher pressure than the atmosphere, or to prevent 
the in-leakage of air when the pressure of the steam in the turbine 
casing is lower tlian atmospliore. The gland at the low-pressure 
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or exhaust end of the turbine has to seal the casing against the 
in-leakage of air. 

There are three chief types of external glands : (1) labyrinth, 
(2) carbon ring, and (3) hydraulic glands or water seals. All except 
the latter type of gland require either a high- or low-pressure steam 
supply. A portion of the steam supplied leaks into the turbine whilst 
the remainder leaks outwards into the turbine -house and prevents 
the inward flow of air. 

The gland packings, sealed by steam, are provided with pipes 
and control valves for admitting or exhausting steam as required. 
Where the rotational speed of the shaft is not unduly high the use 
of carbon packings is often adopted. These consist of segmental 
carbon rings bearing against a liner on the shaft and held in position 
in a removable grooved casing by bands and springs. 

To prevent the sealing steam escaping into the turbine house 
each gland is provided with a small c<5il condenser through which a 
portion of the main condensate is passed to serve as cooling water. 
This water is tapped from the discharge side of the extraction pumps 
and is returned to the main condenser after use. The water formed 
by the condensation of the sealing steam drops into open tundishes 
and so permits the operation of the gland to be noted by the atten- 
dant. By temporarily shutting off the cooling water the amount of 
sealing steam is rendered visible and any adjustment can be made to 
the supply. In some cases each vent pipe is fitteil with a flap valve 
which is normally closed but so adjusted that the valve will lift at a 
pressure above atmosphere. A regulator may be provided for 
automatic control of sealing steam. Fig. 292 shows one type the 
control of which is as follows : a high-pressure steam supply is led 
to all glands and enters as indicated. By controlling the valves 
leading to each gland the correct steam pressure at these points can 
be obtained to prevent air being drawn into the turbine when 
vacuum exists behind the gland. The valve to the exhaust-end 
gland of the low-pressuie turbine — or valves to the two glands 
adjacent to the two exhausts of a double-flow low-pressure turbine — 
is kept open owing to the presence of a vacuum at all loads, but the 
valves to all other glands are opened only when load conditions are 
such that there is a vacuum at these points. 

The steam supply for gland sealing is usually taken from the 
range before the stop valve or the combined stop emergency valve. 
Desuperheaters are sometimes used and in some cases use is made of 
steam bled from a suitable stage of the H.P. turbine after the set 
has run up. Where steam is bled from the turbine great care is 
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necessary to ensure that the live steam valve is closed when taking 
the set off load otherwise it may run to overspeed and continue to 
rise to a dangerous speed although the main valves are closed. 

Valve and Governor Gear. In general, the governing system of 
a steam plant is much more responsive to load changes than is that 
of hydro plant, so that as the load rises the tendency is for most of 
the increase to be picked up. For this reason, a limiting device can 
be fitted to the governing system to ensure 'that the load carried by 
the steam plant does not exceed a predetermined amount. AVith 
the increase in size of interconnected electric power systems and the 



Fig 202. Sectional Arrangement of Shaft Glands — ^Labyrinth type. 
(English Electric Co. Ltd.) 


resulting problems in frequency control and stability, the governing 
of turbines driving synchronous alternators is worthy of special 
consideration. The present-day methods are : — 

(a) Speed or pendulum governing, where tlie control is from the 
machine sx)eed. 

(h) Watt governoj', where the control is from the alternator 
output. 

The first method has the disadvantage that after load changes the 
speed is no longer 50 cycles per second, and even if this is corrected by 
supplementary frequency cumtrol a time error exists which must 
be removed to make electrical time identical with standard time. 
A possible alternative is integral control or time error governing 
and details are given in The Electrical Engineer and Merchandiser 
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(Axis.), Feb. lt)th, 1953. An isolating stop valve is included in the 
steam main to the turbine and is usually placed on the steam receiver, 
arranged for motor operation with remote control from the turbine 
house operating floor and also with emergency hand operation at the 
valve. In some cases a 

manually -operated isolating f J |Tpchometfr 

stop valve has been fitted nexbie 
on the receiver and also on ITx- 

the steam chest. The by- 

pass valve on the steam 1 ■ A f 

chest stop valve can be of | wflX 

normal size for by-pass ser- 

vice or may be large enough ij^Ln 

to pass a desired quantity 

of steam for starting-uj) ^ ”»iir 

purposes. At the steam 1^11' R 

inlet to the turbine a com- i “lI 

level ; it may be tripped at iT^ 

any time by the turbine |^»|j 

driver. The steam supply 

to the turbine passes I I | 

through this valv’^e which is 1^ 

sometimes termed a rim- JILlIb® 

away valve. This valve is iJ- ;j I I v 

of the double -beat 1- . | I' I ' 

pattern, with two steam- 11 !* I 

entry ports, so that tlie ^pL|||j||||| 

valve is balanced at a] 1 times JjyH jWW 

and therefore requires a 

comparatively small force Sectional Elevation of Main 

^ ^ rI^ i. • Governor and Main Oil Pump. (B.T.-H. C6.) 

to oixerate it. Two strainers 

are fitted in the valve casing, one in each entry port, to prevent 
the ingress of foreign material to the turbines.^ Fig. 293 show's 
one arrangement of governor and oil pump drives. 

The runaway stop valve consists of a steam valve coupled rigidly 
to a controlling piston which is spring loaded on its upper side. Oil 
pressure is supplied to the lower side of the piston from the high- 
pressure oil system and this normally forces the piston 

upwards against a controlled stop which can be moved up or doxvn 


Mam ^ 
Oil Pump 


Fia. 293. Sectional Elevation of Main 
Governor and Main Oil Pump. (B.T.-H. C6.) 
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by rotating the hand wheel. The valve, when open, can be closed 
either completely or to any desired extent by turning the hand- 
wheel in the opposite direction. After the valve has closed auto- 
matically it is impossible for the turbine to be re-started except by 
the turbine driver. Before he can re-admit steam he must first 
turn the hand-wheel until the sleeve has been screwed down into 
contact with the piston, and then, provided that the oil pressure has 
been restored, he can re-open the valve in the manner described 
above. It should be noted that the turbine can neither be started 
nor re-started until the proper oil pressure in the system has been 
provided by the auxiliary oil pump which is driven by steam turbine 
or electric motors If desired, a solenoid may be mounted on the 
turbine and connected to a switch in the (iontrol room, and so 
arranged that when the solenoid is energised the oil pressure in 
the emergency stop valve is released and the valve closes. Since 
this valve is oil operated it provides complete protection against 
the risk of the turbine being started before the auxiliary oil pump 
is working. The function of this valve is to provide a means of 
shutting off steam from the turlrine quickly and completely, either 
by hand or automatically if the turbine overspeeds. Should an 
interruption of the oil supply occur, such as is occasioned by 
the tripping of the emergency trip valve, the failure of an oil 
juimp or a broken high-])rcssure oil pipe, the valve will close 
automatically. 

There are two principal methods of governing turbines : (1) 
throttle control ; (2) nozzle control. In the first method the steam 
supply to the turbine is regulated by a throttle valve. This method 
is used on all reaction turbines because steam must be admitted at 
the whole periphery of the first row^ of blades. It is not so efficient 
on light loads because the steam is throttled and the full heat drop 
is not being used, or on overloads because high-pressure steam is 
by-passed to the fifth or more expansion, causing large losses and also 
subjecting these parts fp high pressure and temperature. Nozzle 
control as used on combined impulse turbines consists of dividing 
the admission nozzles into groups and having each group controlled 
by a valve, these waives being opened consecutively according to the 
load on the turbine (Fig. 294). 

Only the first row of blades is subjected to high pressure and 
temperature and the steam is throttled in three, seven or ten stages, 
depending on the number of nozzle valves. 

There is no throttling of the steam except at that valve which is 
the last to be opened. The loss of available energy due to throttling 
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ia therefore much less than with the first method. Where throttle 
control is used the moisture content will always bo at a maximiun 





value at the economical load, the steam being drier at partial loads 
and overloads. This control is more usually adopted for sets which 
operate principally at their designed economic load. With nozzle 


Fig. 294. Turbine Control Valves. 
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control the moisture at the partial loads will vary between a con- 
stant value and a slight increase, whilst at overloads the amount of 
water will be higher than at economical load. Nozzle control is 
used for sets operating over wide variations of load and gives a flatter 
steam consumption curve, though this advantage is not so percep- 
tible in the case of multi-cylinder sets, and there is little to choose 
between the two systems from the point of view of overall efficiency. 
30 MW turbines usually have nozzle or by-pass governing gear 
with the economic point at 80 per cent, m.c.r. Larger full-admission 
turbines can have their economic points at m.c.r. This permits 
of shorter and more symmetrical high-pressure cylinders, less 
complicated control valves and governor gear and ensures very 
small changes of temperature in the high-pressure and intermediate 
pressure cylinders over a wide range of load. 

The governor takes control at 5 per cent, below normal full speed 
and after this has been reatjhed the emergency stop valve can be 
opened fully. The speed of a turbine is ordinarily fixed by the fre- 
quency of the electrical system and this frequency necessarily 
varies when changes of load occur, but with a large electrical system 
the change in frequency caused by a total load change of say the full 
output of one s^et is very small. Full load tripping tests have been 
carried out on tlie national grid systt^m. One set of tests included 
the simultaneous tripf)ing of three 53*5 MW ma(*hines in order to 
determine the drop in the system freciuency. Recording apparatus 
was installed for this purpose. A sent-out load of 150 MW from 
tliese machines was ti‘i])po(l out sucessfully on tliree occasions and 
the maximum drop in frequtmcy observed was 0’05 cycle per 
second. Although the overspeed governors operated on all three 
maclunes on each occasion, they were again connected to the system 
and were available for full load within 24, 11 and 12 minutes 
respectively, for the three tests. Actually the governor functions as a 
load regulator. The object of the governor gear is to regulate auto- 
matically the rate of steam admission to the power demand so as to 
maintain the speed constant, as nearly as possible, at all loads. 
To enable a set to run in parallel with other sets provision has to 
be made to permit of making two adjustments : — 

(1) To vary the speed within reasonable limits under constant load. 

(2) To vary the load at constant speed. 

The drop in speed between no-load and full load expi-essed as a 
percentage of the no-load speed is termed the percentage regulation 
of the turbine governor. In order that the speed governor be stable 
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it should have a positive static drop or regulation, i.e., with increase 
in load there must be a corresponding drop in speed (Fig, 296). 

If there are a number of sets operating in parallel, load variations 
are taken primarily by the set with the smallest percentage regula* 
tion. The following examples indicate the points in question 
A 20 MW turbo-alternator (50 cycle) has a governor regulation 
of 4 per cent. What is the new frequency if a load of 10 MW is 
suddenly thrown ofl ? 



Nf 

2ycOFOP 


A/F 

2yzycDFop 


Fio. 295. (Jovornor Chararteristifs. 

— No-load Hpoed. 

N/?- FulMoad spood. 

N ^ — Average ppeed. 


A drop of 10 MW would mean a speed increase of 


10 4 

25 ioii " ^ 


100 


X 50 = 1 cycle. 


The new frequency would be 61 cycles per second or 49 cycles 
per second if an increase in load of 10 MW. 
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In a power station there are two turbo-alternators, one having 
an output of 30 MW (2 per cent, speed drop) and the other 50 MW 

per cent, speed drop). How will they share a load increase of 
10 MW? 

If the sets have similar speed-load or governor characteristics 
they will share any load increases in proportion to their full load 
rating. 

In the present example the characteristics differ and it is assumed 
that the speed drops in proportion to the load ( a straight line governor 
characteristic is assumed). The conditions for parallel operation 
are that the sots should nin at the same speed and it is necessary 
to ascertain at what load on each set the speeds will be equal : — 

Let A and B respectively bo the proportions of the additional 
load taken by stations or sets A and B. 

Set A (50 MW) — 2*5 per cent, speed-drop R^. 

„ B (30 MW) -2 0 „ „ „ R,,. 

The sets will share the additional load in inverse j)roportion to 
their governor regulations, then : — 

A _ MW,^ Rj, 

B MW^ ■ R,, 

50 2 0 
‘ 30 ‘ 2 5 
A -- 1-33B 

Now A + B - 10 MW. 

1-33B + B = 10 B — 

1-33 

- 4-3 MW. 

A = rr7 MW. 


Had the sets been of the same capacity then their respective 
additional loads would have been : — 


A 

B 


— or A = 0*8 B 

2-5 

A + B - 10 MW 
0-8 B -f B == 10 /. B 


A 


10 

LS 

5*55 MW 
4-45 MW 


or alternatively : 

10 X 


2 

2 + 2-5 


4*45 MW" (50-MW^ set) 
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10 X ^ = 5*66 MW (30-MW set) 

4*5 

Set A — 2-5 per cent, drop — ^normal speed 1,500 r.p.m. 

Full load speed = 1,462-5 r.p.m. 

Set B — 2-0 per cent, drop — ^normal speed 3,000 r.p.m. 

Full load speed = 2,940 r.p.m. 

Had both speed drops been the same the division of load would have 
been as follows : — 

30 

10 X — -= 3-75 MW (30-MW set) 

50 

10 X — = 6-25 MW (50-MW set) 

The load on any turbo -alternator depends on the amount of 
steam admitted to the turbine driving it. If two or more alternators 
are running in parallel the division of loads is carried out by adjust- 
ment of the turbine governors to obtain most economical operating 
conditions. It is inconvenient to determine the percentage regulation 
of a turbine alternator governor unless the alternator can be con- 
nected to an independent electrical system and gradually loaded 
to full capacity, noting the drop in speed from no-load. A test 
pond would appear to be the only alternative. 

The speed of a turbine is regulated by a centrifugal governor 
which acts through a relay and not directly on the main throttle 
valve. In the case of nozzle control the governor does not actuate 
the steam control valves directly, its sole function is to move the 
sleeve of a pilot valve and thus enable the latter to supply oil under 
pressure of about 60 p.s.i, to a servo-motor which, by means of a 
cam shaft, mechanically opens and closes the control valves to suit 
load conditions. As the sleeve of the pilot valve is very light, the 
governor quickty responds to changes in speed. The relay consists 
of a pilot valve which is moved through levers or sleeves by the 
main governor, thus controlling the supply of oil under pressure to a 
cylinder and piston by means of which the throttle valve is operated. 
The object of introducing the relay is to reduce the amount of work 
the governor has to do and so increase its sensitiveness. 

The function of the governor is to vary the pressure of the pilot 
(Fig. 296) oil supply as the speed of the turbine varies. The governor 
system is operated by a supply of oil the pressure of which is con- 
trolled by the speed of the turbine, and tliis in turn controls the 
pressure of another and larger supply of oil, v^ich varies the lift of the 
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valves admitting steam to the turbine. Both supplies of oil are tapped 
off the high-pressure oil supply (60 to 70 p.s.i.) (Pig. 297). The 
first supply, the pressure of which is controlled by the turbine speed, 
is called the pilot oil supply and the other the power oil supply. The 



Fig. 296. Pilot Oil Pressure Characteristic. 

pilot oil is led through a locked relay regulating valve, the feed 
then divides, one to the governor and the other to the oil relay 
gear. An emergency trip valve is included through which all this 
high-pressure oil has to pass. The purpose of this valve is to close 
the runaway stop valve and the governor valve, should the turbine 
run to ovei*speed. Loss of vacuum and failure of lubricating oil 
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supply are also guarded against. This trip valve may also be oper- 
ated by hand at any speed if it is desired to shut down the turbine 
in an emergency. To test the hand tripping gear it is advisable to 



use it whenever the turbine is shut down ; the turbine should also 
be run to overspeed at regular intervals, say, once a month, to test 
the emergency governor. All the governor parts should be kept free 
from dirt, sludge, etc., to prevent or minimise the effect of sticking 
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or seizure of parts which should be free to move, €8i>eoially valves 
and release devices. Such happenings may result from dirt or sludge 
in the governor oil system, carbonised oil on valve spindles and 
abnormal expansion or otherwise. To facilitate rapid closing of 
main emergency steam valve should the turbine overspeed 
it has been suggested that one of two methods are practicable, 
namely : — 

(1) Emergency steam valve to be fitted with both auto -mechanical and 
auto -electrical qiiic.k operating closing devices. 

(2) To provide two emergency steam valves in parallel, both being fitted 
with (juick operating closing devices. The two valves to be so arranged that 
either can be tested and re-set independently of each other without shutting 
the turbine down. 

The governor throttle valves, usually two in number for a reac- 
tion turbine, have a pair of seats in parallel. One valve controls the 
amount of steam entering the turbine from no load until the normal 
economical load is reached, after which the second valve opens auto- 
matically and controls the admission of the steam to the by-pass. 

Governor specifications vary according to requirements and as 
a guide an example is given for a 70 MW, 1,500 r.p.ra., set. 

“ Governors of the mechanical typo operating an oil relay shall 
be provided and bo so arranged that the speed at any load up to 
maximum load can be varied gradually from 5 per cent, above to 
6 per cent, below normal speed while the turbine is running, and 
without affecting the sensitiveness of the governor. Means shall 
be provided for adjusting the speed by hand at tlie turbine as well 
as by remote electric control from the control room. The governor 
control gear shall be provided with overwinding cut-out switches. 
The main governors and the emergency governor shall operate 
without causing the turbine to race or hunt under any conditions or 
variation of load from no load to maximum load. 

“ The governors shall be normally arranged so that the steady 
speed shall not vary more than 2i- per cent, when throwing on or off 
the economical load and 4 per cent, when throwing on or off the 
continuous maximum load, and the time within which a steady 
speed is attained in each shall not exceed ten seconds. 

A mechanical emergency governor shall be provided and 
arranged to cut off steam when the speed rises to 1,660 r.p.m. by 
closing both the governor valve and the emergency valve. 

“ The emergency governor shall preferably be of the shaft type, 
but in any case shall be driven entirely independently of the main 
governor. 
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Fig. 298. Section through Steam Chest and Diagrammatic Arrangement ot Governor ana \ aive Gear. 

(C. A. Parsons.) 
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“ The governor valve and emergency valve shall be arranged for 
hand tripping near the turbine.” 

There are numerous designs of governors and Pig. 298 shows 
one arrangement. 

The main governor is of the centrifugal type driven by means of 
a worm and wheel from an extension of the main turbine shaft, 
the motion of the governor sleeve being transmitted by either links 
or levers to a small pilot valve which controls the supply of oil 
under pressure to the various control valves operated by oil pressure. 
Trouble has been experienced due to wear of v orra wheels which 
has been attributed to shaft currents. A ring fitted to the shaft 
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with an earthed brusli connection appears to be the most satis- 
factory method of overcoming this. A brush in direct connection 
with the shaft causes wear and reduces safety factor. 

The emergency governor which automatically shuts off the 
steam supply to the turbine in the event of the speed exceeding a 
predetermined figure, about 10 per cent. (B.S.S. 10 per cent, -f- or — 
1 per cent.) above normal running speed, is mounted directly on 
the tuibine shaft. It consists of an unbalanced ring held concen- 
trically with the shaft by means of a spring so long as the speed of the 
shaft remains normal. An increase of speed above the normal 
causes the centrifugal action of the ring to overcome the spring and 
to allow the ring to fly out eccentrically, releasing a trip lever and 
spring which immediately closes the emergency valve, thereby 
shutting off the steam supply. At tlie same time the oil pressure 
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to the relay cylinders is reversed and the throttle valves are closed 
by the action of the power piston springs and the oil pressure. 
Fig. 299 shows the arrangement of tripping devices for a small 
high-pressure topping plant (see also Pig. 8). 

In some designs a device is provided to facilitate operation of 
the emergency governor at a reduced speed and prevent undue 
overstressing of rotating parts each time the set is run to overspeed. 


k 




Fio. 300. Governor Characteristics. 


The shedding of large electrical loads may cause serious disturbances 
on the system and the turbine governors should be capable of holding 
the speed and so prevent tripping of the emergency governors (Pig. 
300). If the sets are shut down due to governor tripping it will take 
longer to restore supply as the sets have "to be run up and 
synchronised. Such conditions are more likely to arise at light-load 
periods unless an alternator is suddenly isolated on to a feeder section 
of reduced load. Some engineers have increased the emergency 
setting to 12J per cent, in an endeavour to prevent dislocation of 
supply due to sudden loss of load. It is rather unfortunate that 
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load throwing-off tests are not more frequently employed in view of 
the importance of the equipment involved and the fact that specifi- 
cations provide for a given performance. 

During load throwing-off tests the governor is only called upon 
to close the governor valve whereas under electrical system fault 
conditions it is possible for the governor to be called upon to first 
open the governor valves to deal with the increased load due to the 
fault and then close them almost instantaneously when the fault 
is cleared by the opening of the circuit breaker concerned. This 
would probably bring about an increased time in closing the governor 
valves with consequential higher rise in speed. The boiler drum 
pressure will ri§e to blowing off pressure and as less steam will flow 
to the turbines the frictional drop in the pipe lines will be reduced 
and both will tend to affect the operation of the governor. 

Pressure-operated load pay-off and trip gear for governors of 
large sets, especially when arranged on the unit system, has received 
attention ; relays partly close the governing valves on fall of steam 
pressure to a predetermined limit and reopen them for faults of 
short duration, but trip the emergency valve for a heavy drop in 
steam pressure. Genera] practice now is to use a vacuum-operated 
bellows relay, which closes the governor valves temporarily if the 
vacuum falls to 25 in. and trips the emergency valves if the vacuum 
falls further to 15 in. 

To facilitate control of turbo-alternators from the control room 
a small reversible motor, about ii B.H.P., is connected through 
gearing to the governor-control gear. The operation of the motor 
in either direction is controlled by a two-w^ay switch mounted on 
the governor control desk, limit switches being fitted to the governor 
gear, so arranged that the motor circuit is opened and reversed 
at the end of the travel in either direction. The motor is then only 
operative in the reverse direction, and in doing so will re-establish 
the broken circuit. The cable connections to the reversing switch 
or motor should be flexible enough to allow for cylinder expansion 
and also withstand temperature and oil. 

Anticipatory Overspeed Limiting Gear. With large turbines 
operating at high pressures and temperatures, it is in some cases 
desirable to employ steam chests formed independently of the 
turbine cylinder. With such an arrangement the momentary speed 
rise on a sudden heavy or complete loss of load may, in the absence 
of some additional speed limiting arrangement, be sufficient to 
cause operation of the overspeed trip. This excessive momentary 
rise, above that inherent in all normal governor systems, is caused 
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by the expaiiwion to condenser pressure of the steam in the turbine 
and interconnecting pipework, after the closure of the governor 
valves. Whereas the normal governor mechanism is operated by 
speed rise, the anticipatory overspeed limiting gear is operated by 
sudden heavy loss of load, but is unaffected by normal load changes. 
With short duration faults, after limiting the temporary speed rise, 
it also permits the normal governor system to resume control 
automatically after the fault is cleared. Following faults of longer 
duration, say five seconds or moie, the sudden restoration of load 
involves the danger of boiler priming ; a secondary purpose of the 
gear is to prevent this by ensuring the gradual re-admission of steam. 

The gear interrupts the steam supply to the turbine in these 
emergency conditions more rapiflly than is possible by a normal 
governor system. This is effec^ted by the rapid (Josure by solenoid 
action of the high-])ressure emergeiu^y valves and where relieating 
is emi)loyed, also the interc^eptor valves between the reheater and 
the intermediate or lov -pressure cylinder. By such means the 
momentary speed rise resulting from loss of load is kept below the 
limit at which the ()vers})eed trij) would operate. The automatic 
restoration of normal governor control after short duration faults 
and the retarding of re-admission of steam after faults of longer 
duration are effected tlirough the medium of j)rcssure, wattmeter 
and timing relays. 

INSTRUMENTS 

'J'he (H)ntinual trend towards the adoption of largej* turbo- 
alternators has directed attention to the j)rovision of a greatei* degree 
of instrumentation, designed primarily to enable operatives to 
detect incipient trouble and so present the outage of ))lant for a 
lengthy period. Turbine instrumentation in the ])ast has been 
chiefly confined to the essential gauges for nu^asuring flows of steam, 
etc., and recording a limited number of temperature and pressure 
indications. The trend now^ is in the provision of instruments con- 
cerned with the mechanical and t hermal aspects of turbo -alternator 
operation. 

It has been suggested that for correct co-ordination of any 
instrument scheme the following points are worthy of consideration : 

(1) (Grouping of indicating, recording or receiving instruments mio one or 
more centralised j»ositioii.s. 

(2) Provision of a panel for mountuig tlie instruments w hich has a logical, 
pleasing and symmetrical arrangement. 

(3) Fitting of a specially designed, soft and yet adequate illumination of 
tho panel. 
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Fig. Layout of Turbo- Alternator Instrument Panels and Equipment. 

A — Turbine gauge panel. D — ^Field suppression panel. 

B — Turbine rbetering panel. E- -Telegraph and telephone pedestal. 

C — Ejector gauge panel. G- -Air temperature alarm panel. 


(4) The reconciliation of technical soundness with psychological and 
aesthetic requirements. 






J 

-Mrrjr/p/A/a 

0 © 
c=r CD 

0 0 

Ixxx 1 

s 


Fig. 302. Metering Panel. 

P — Steam flow integrator. 

Q — Raw water flow integrator. 
R — Dissolved oxygen recorder. 
(Alternative point of measure- 
ment is after condenser.) 

S — 5-point efficiency recorder : 

( 1 ) Turbine steam flow. 

(2) Turbine steam pressure. 

(3) Turbine steam tempera- 
ture. 

(4) Condenser vacuum. 

(5) Final feed water tem- 
perature. 

T — Dionic recorder. 


(5) (\)mi)leic accessibility of all instru- 
nionhs for inspection and inaintenanco 
purposes. 

(6) Erection of th(' instnimonts and panel, 
iiK^luding miming of cables, conduits and 
]>iping. 

(7) Exclusion of dust and the alleviation 
of excess j VO vi brat ion . 

TJie inatrumontH required vary in 
detail for ea(di inatallatioii, but a number 
are what may be termed essential instru - 
ments and should always be included. 

The turbine gauge panel is jilaced 
near the steam end of the set (Fig. 301). 
In some stations all recording instru- 
ments associated with the turbine and 
condenser have been mounted on a 
separate panel usually termed a metering 
panel (Fig. 302). This may be placed in 
the feed pump bay or all metering panels 
could be grouped in a small room with 
the boiler recording instruments. 

Typical turbine panels are illus- 
trated and the points of measurement 
are indicated in Figs. 303-308. 

The instiniments required are as 
follows : — 

Steam, feed \vater (condensate), 
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raw water (iiiake-iip), cooling water, oil and vacuum, the latt>er 
being associated with the c;ondenser. The alternator-winding indi- 
cator and air-temi>erature equipment will also be included. 



Fig, Typical Turbine Gauge Panel. 


PresHure 

Pj -Steam before stop valve. 

Pa — Steam after stop valve. 

P, — Stoarii at overload belt. 

— Steam at L.l\ cylinder inlet, 

Pg — Condenser vacuum. 

Pg — Bled steam at No. 3 H.P. heater. 
P,— Bled steam at No. 1 L.P. heater. 
Pg — Bled steam at No. 2 L.P. heater. 
Pj — Relay oil. 

Pjo — Oil to bearings. 

Thermometers 

Tj — Steam at stop valve. 

— Final feed. 


— CoDflensatt? pum]) discharge. 

'J'j — Oil to bearings. 

'r 5 Oil from bearings. 

Flow Indicators 

Fj — Steam flow indicator. 

Fj, — Raw water to evaporators. 

Water Level Indicators 

WLi"- Surge tank level. 

WLg— Storage tank level. 

WLj- Haw water tank level. 

DI — Condensate leaving condenser 
(Dionic water indicator and alarm). 
OLI-- Oil level indicator. 

K~ Condenser vacuum (Keno tome ter). 


RT — Resistance temperature indicator (distance thermometer Dj, Da, D 3 , etc.). 


steam Supply. Steam flow indicator and recorder, temperature 
indicators and pressure gauges. The steam pressures after the 
governor valves and in the first* stage of the turbine will serve as a 
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check on the observed st-eairi consumption. The t\irbine nozzles, il' 
clean, function as steam meters. 

Feed Water Supply. Coiidensate recordej', temperature indi- 



304. Typical 'rurbine Gauge J*anoJ. 

1*^ — Steam before stop vah'o. 

Pg — Normal — after regulator \*alvf. 

P 3 — Overload -aft/<ir by-passiug valve- 
P 4 — Steam to No. 2 H.P. feed heater. 

P 5 — Steam to No. I H.P. fotnl heater. 

P 4 - Steam to L.P. feed heater. 

P 7 — Main oil puinp outlet pressure. 

Pg — Auxiliary oil pump outlet pressure, 

Pg — Motor-driven flushing oil pump outlet pressure. 

Pm — Bearing oil pressure. 

Pji — Pilot oil pressure. 

Pjg — Oil pressure at cooler outlet. 

Kj — Konotornoter (vacuum at condenser inlet). 

Kg— Kenotornetor (v^^cnium at condenser outlet). 

(IR. — Condensate recorder and integrator. 

T.A. — Alternator temperature indicator. 

T.T. — Turbine temperature indicator. 

S.T.L. — Surge tank level iridicHior. 

K.W.I.--Kaw water to evaporator, integrator. 

D.O.K.-* 'Dissolved oxygen recorder and indicator. 

D.R. — Dionic recorder and indicator. 

D.I. — Service water tank le\^el indicator. 

A. T.“~ Alternator air temperature alarm. 

cators, dissolved oxygen recorder, dioiiit? water tester, surge and 
storage tank level indicators, etc. 

Raw Water Supply. Indicators and integrators for water supply 
to evaporators and tank level indicators. 
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Cooling Water Supply. Temperature indicators. 

Oil Supply. Oil tank lever indicator, temperature indica,tors, 
pressure gauges (local bearing thermometers of either the stem or 
dial types are useful). 



Fig. .‘{05. Turbine Control Panel, Battersea Power Station. 

An electrical alarm either visible or audible giving warning of 
low bearing pressures or high oil teinjK?ratui‘es may be included. 
Whilst not directly imdor oil supply it is convenient to mention 
the tachometer which is usually fitted at the turbine end. 

Vacuum. A vacuum dial gauge and a kenotometer are the 
usual instruments for the condenser. A kenotometer is a mercurial 
vacuum gauge, and two of these instruments may be used, one 
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connected to the inlet and the other to the outlet of the condenser 
(air suction). Care should be taken to keep the mercury out of the 
condenser. A coil of tubing is included to trap any condenser 
vapour and also prevent it from accumulating above the mercury 
in the tube. One vacuum dial pressure indicator or gauge is placed 
on top of the condenser and in such a position that it can be easily 
seen from the turbine house basement. A vacuum gauge has the 
advantage that it gives an indication of the vacuum obtaining before 
the mercury begins to fall (or rise) in the kenotometer. This is 
particularly helpful should vacuum be falling during an emergency, 
since the turbine driver can then take steps to shut off the machine 
in the event otfailure of the steam unloading devices. 

If the exhaust steam from the turbine is not superheated a 
thermometer may be used instead of a dial or mercurial gauge. 
The fixed relationship between pressure and temperature of saturated 
water vapour enables the exhaust pressure in absolute units to be 
determined from steam tables when the exhaust temperature is 
known. 

Alternator Windings and Air Circuit. Temperature detector 
equipment for the stator windings and air circuit, and a temperature 
alarm for the air cooler arc usual. The stator temperature indicator 
may be either mounted on the alternator panel in the control room 
or the turbine gauge panel in tlie turbine liouse. The latter appears 
to have advantages in that the cost of tl)e s])ccial multicorc cable 
is reduced and the tiubine driver has the alternator temperature 
indicator and air temperature alarm equipment under observation. 

In some stations a syncjhroscope has been included in the turbine 
gauge panel and is useful for the turbine drivers. The disadvantage 
is the cost of voltage leads from the control room, although if 
these are at hand it is justifiable to include an indicating wattmeter 
on the panel. An alternative to the wattmeter is a load ammeter, 
which necessitates a current transformer in one phase of the alternator 
block connections. 

Turbine Temperature Indicator. This permits of centralised 
temperature control of the numerous points of measurement required 
on a turbine. The connecting cables to each point may be either two- 
or three-core, usually V.T.R. or alternatively Pyrotenax, the size 
depending chiefly on the length of route. The services catered for are 
steam, water and oil, the tube material for each being steel, gun 
metal and copper respectively. 

The following relate to an 18-point distance thermometer for a 
30 MW turbine : — 
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1 

Before turbine stop valve. 

2 

Steam entering condenser. 

3 

Air Hiietioii. 

Conclorwate outlet — 

4 

Condenser. 

5 

Ejectors. 

6 

Drain cooler. 

7 

L.P. heater. 

8 

H .P.j hoat-er. 

9 

H.P.g heater. 

Oil cooler — 

10 

Dil inlet. 

11 

Oil outlet. 

12 . 

Water outlet. 

J 3 . 

Air cooler water outlet. 

Main cooling water — 

14 

Inlet No. 1. 

15 

Inlot No. 2. 

16 

Condenser outlet No. 1. 

17 

Condenser outlet No. 2. 

18 

Surge tank. 


Alternator Temperature Indicator. This is a similar instrument 
to that used for the turlnne exeept that thermo-couples are used. 



Fia. 306. Turbine Control Panob Brighton “ A ” Power Station. 
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Fig. 307. Points of Measurement in Steam, Water and Oil Circuits. 


The xK^ints of measurement vary according to manufacturers 
requirements : — 

30 MW, 11 kV. alternator 24-pomt indicator 

30 „ 33 „ „ . . 12 

60 ,, 11 ,,, , , 6 ,, ,, 
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/ TTv^r^r /y^c - C' £^cf^d.£s 

C<9Ar^£‘AfS^r//V^ jC£> 90 €/S£a 

Fio. 308. Temperature Indicators. 

The points of measurement for a 33 kV. nlachine were ■ 

1 core conductor, 2 core conductor, 

3 stator tooth, 4 stator core, 

6 stator core, 6 stator core, 

7 end winding, 8 end winding, 

9 inlet air, 10 outlet air. 
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The embedded temperature detectors are fitted near the neutral 
connection ends of phases, the leads from the detectors being 
taken to a terminal box fitted on the alternator. The embedded 
detectors (thermo-couples) may consist of J in. wide strips of copper 
and constantan, mica insulated. 

A compensating cable may be dispensed with but then it is necessary 
to run each core to the instrument. A more costly cable is required 
but in the former a fault on the common core puts the instrument 
out of service. It is also claimed that a more accurate reading is 
obtained by using a lead and return for each point instead of a 
common return. The temperature of each point is logged, the 
switch being normally left at the position connecting up the hottest 



A- 

Pt/S¥ SfWTV/Y 

Cc/r- Our 





c- 


//C/TA/. 



Fi«. Air Temporatiiro Alarm Equipment, 

point on tlie stator so that any abnormal mcrease in the temperature 
can be observed. 

An instrument may be provided for indicating the average rotor 
winding temperatures. Usually not less than two special brushes 
are included on eackslip ring of the rotor for this purpose. 

Alternator Air Temperature Alarm. This may be mounted on a 
separate panel or included on the turbine gauge panel. A typical 
equipment is shown in Fig. 309. The alarm pointer on the index 
thermometer is set to a predetermined temperature of about 155® F. 
and if' the air temperature exceeds this value audible and visible 
warning will be given on the alarm equipment by a klaxon hom and 
lamp. The hom may be stopped by the push button but the lamp 
remains connected until the temperature is reduced below the value 
at which the alarm is set. 
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Dissolved Oxygen Recorder. The presence of dissolved oxygen 
in feed water is responsible for the corrosion of boiler tubes and 
impairs condenser performance. This corrosion is chiefly due to 
the presence of oxygen in solution in the condensate, and de^aerating 
plants are included to reduce the concentration of oxygen. It is 



difficult to eliminate the dissolved oxygen entirely from the system 
but it is essential that a value of 0*10 c.c. per litre should not be 
exceeded. The chief causes of increase in oxygen content are leaky 
valves and defective seals on piunps and other auxUioty plant. 
The outflt included con be arranged to work with either a recorder 
or an indicator, or a combined equipment. Two ranges are available 
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for either the recording or indicating units, namely, 0 to 0-60 c.o. 
dissolved oxygen per litre or 0 to 1-00 c.o. per litre. 

The Cambridge dissolved oxygen recorder will be understood 
from the notes and Fig. 310. 

The water to be analysed enters the cooler A from a high-pressure 
valve. It is here reduced in temperature to about 20® to 25® C. and 
then passes on to a constant head device B which maintains the 
correct flow of water through an orifice situated in a water jacket C 
surrounding a katharometer. The water then flows down the 
contact D where it comes into intimate contact with hydrogen gas, 
dissolving some of this and giving up part of its oxygen. The 
hydrogen is generated in the electrolytic cell E, passes the first side 
of the katharometer and then flows through compensator and 
restriction to the contact chamber. The second side of the katharo- 
meter is exposed to the gas in the chamber. The katharometer 
consists of four platinum spirals moimted in cells in a central metal 
block and connected together to form a Wheatstone bridge. Two 
of the cells are open to the pure hydrogen and two to the gas from 
the contact chamber. The spirals are heated by an electric current, 
and when the same gas surrounds all four they attain the same 
temperature and no deflection of the galvanometer in the indicator 
or recorder takes place. If, however, one pair of spirals is exposed 
to hydrogen and the other pair to a mixture of hydrogen and oxygen 
in the contact chamber, the temperatures of the two pairs of spirals 
will differ and a deflection of the galvo will be caused which is 
proportional to the amoiuit of oxygen in the mixture. The con- 
centration of oxygen in the gas in the contact chamber is proportional 
to the amount of oxygen dissolved in the feed water passing through 
the chamber. The galvo scale can therefore be calibrated to read 
directly the dissolved oxygen content of the feed water. 

In the Weir corrosion detector the feed water passes over a 
polished steel plate, steam being admitted to the other side. Corro- 
sive gases in the feed water attack the hot steel and this action is 
observed and the cause can be investigated. 

De-gasers may be installed in the feed water system to reduce 
the oxygen content. These are containers holding loosely-packed 
iron turnings which absorb the oxygen and periodical cleaning 
removes the iron oxide formed. De-aerators are discussed in Vol. 2. 

Water Purity Meters. The most likely source of ingress of foul 
water is through the condenser by way of leaJcy tubes. The cooling 
water may be obtained from the sea, tidal rivers, rivers contaminated 
by dye-works outfall and acid, and sewage works. Priming, corro- 
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sion and excessive scaling of tubes in the boilers are troubles likely 
to result from contamination. Contamination of the feed water may 
also be caused by evaporator priming, particularly at reduced loads. 

If cooling water is taken from the sea or a tidal river and the water 
is salt, then a silver nitrate test on a sample of feed water indicates 
any leakage. A continuous record of the salt present may be made 
by a recording salinometer. 

Stations using fresh water and sewage effluent for cooling 
purposes generally employ a ‘‘ dionic water tester. This instru- 
ment is a reversed ohmmeter and measures the conductivity of the 
water sample. The presence of undistilled water (cooling water 
leaking to the steam side of the condenser) is immediately 
detected. When installing a new instrument past records of con- 
densate conditions are helpful for calibration purposes. The con- 
ditions of the tubes, i.e,, clean or otherwise, free from leaks, etc., 
together with the best possible record of dionic units apper- 
taining to that condition. 

The principle of operation is based upon the fact that the electrical 
conductivity of a dilute aqueous solution is a measure of the dissolved 
inorganic impurity in that solution. A portable instrument may be 
used, but a recording outfit to each turbine and an indicating instru- 
ment with alarm device may also be provided. 

The instrument consists of a water conductivity tube (through 
which a sample of the water under test is continuously flowing) and 
a meter of the indicating or graphic recording type. The apparatus 
is operated from direct current mains. The indicating meters 
consist of specially constructed ohmmeters. 

Where the nature and composition of the impurity is variable 
it is not practicable to calibrate the instrument in terms of the 
impurity and the scale is usually calibrated in terms of the con- 
ductivity units actually measured, the interpretation of the readings 
being left to the chemist. 

Another use of the electrical conductivity method is the deter- 
mination of the carry-over of boiler water in steam to the super- 
heater and turbine. Excessive carry-over may cause the failure of 
superheater tubes and, even with a small amount of boiler water in 
the steam, corrosion and loss of turbine efficiency have been noted. 

In this method steam is sampled between the boiler outlet and 
the superheater, passed through a reducing valve and cooling coil 
and fed to the “ dionic ” meter which gives a continuous record of the 
electrical conductivity and so of the purity of the condensed 
steam. 
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Some typical values of conductivity obtained with Dionio 
instruments are given : — 

Distilled water . 

Condensate of boiler feed 

Cooling water — 

Tidal river 
Estuary 
Water towers 
Sea water . 

Public water supplies . 

The conductivity is at 20° C 

In one station the general practice is to test for condenser tube 
leakage when the “ dionic ” figure exceeds 4 units. 

Barometer. A standard barometer is a very useful instrument 
and should be included under station instruments. 

Shaft Eccentricity Indicator. Probably one of the most frequent 
causes of turbine failure has been mechani(;al damage caused in the 
first instance by the rubbing of rotating parts on fixed portions, 
initiated usually either by shaft eccentricity or by undue differential 
thermal expansion between the casing and the rotor. 'J^urbine shafts 
for high-pressure rotors have usually been of the “ flexible type, 
but there is now a trend towards using what is known as the “stiff ” 
shaft in whi(^h normal oj)eration is entirely carried out below any 
critical speeds. The flexible shaft is liable to “ hogging,” if it is 
allowed to be run up or slowed down incorrectly. The measurement 
of shaft eccentricity can be carried out by means of an electro- 
magnetic indicator, applied to the outboard end of the high-pressure 
bearing. The eccentricity indicator does not itself record as great 
an amplitude as that of the eccentricity of the centre point of the 
rotor but it can be calibrated in terms of this latter value. It has 
been suggested that an instrument employing optical princii)le8 
might well be used. 

Differential Expansion Indicator. As the size of turbine increases, 
the mass of casing — ^which is fixed by tlie steam pressure and 
temperature — ^tends to increase at a greater rate than that of the 
rotor. There is therefore an imaeased possibility of differential 
expansion between these two components, leading ultimately to the 
danger, under certain operating conditions, of failure through rubbing 
of the fixed and moving blades. Two types of indicator are avail- 
able. One is of an electro-magnetic type similar to that used for the 
eccentricity indicator (500 c.s. supply), but operating on a disc on the 
rotor shaft with one detector on either side. This disc can be 


6*0 units. 

0‘9 to 6*0 


. . 560 to 1,200 units 

1.000 to 56,000 „ 

3.000 to 4,000 

50.000 
34 to 420 
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placed immediately outside the inner bearing of the high-pressure 
rotor. The second type employs a beam of light from a focused 
lamp mounted on a pedestal at one side of the machine, with the 
beam cutting across the disc on the rotor shaft. On the “ receiving ” 
side of the machine, a small screen is provided so that the magnified 
image of the disc in relation to the calibrated gauze can be observed, 
A third type of instrument is an elaboration of the total expansion 
indicator fitted at the foot of the first high-pressure bearing. It 
comprises an electro -magnetic device in which the movement of the 
pedestal is conveyed to a plunger passing between two coils, which 
form the arms of a bridge circuit. 

Vibration Indicator. Portable vibration-measuring instruments 
have been chiefly used in the past but the trend is towards the pro- 
vision of permanent indicators. These comprise either electro- 
magnetic or piezo -electric detecting units fitted at various parts of 
the machine. 

Casing Temperature Detectors. It has been suggested that it 
should be an advantage to have at least three to five thermo-couples 
attached to the cylinder casings to enable the oi)eratives to detect 
undue heating or cooling in any particular zone. One at each end of 
the top portion of the high-i)ressure cylinder, and one at each end of 
the lower portion would appear to be suitable. Under certain 
conditions of operation the steam may be cooler than the machine, 
particularly in unit plants, and dangerous internal temperature 
conditions may obtain. / 

Brush-Ljungstrom Turbine 

The an’angcment of the blade system is such that the radial 
blading of one disc is interleaved with the radial blading of the other 
disc, the blade rings being fixed concentrically to each disc. 

Each steam rotor is coupled to an alternator which carries half 
of the load. A special feature is that the entire turbine is mounted 
on the condenser, the turbine casing being bolted to the condenser 
by means of a heavy exhaust flange, and the two alternators which 
overhang are bolted to the ends of the turbine casing. The weight of 
the overhung portion is taken by means of sj)rmgs and considerable 
saving in foundations is effected. The exciter which servos both 
alternators is overhung on the shaft of one of the alternators. 

The blades are secured by a dovetail fixing to a strengthening 
ring which is coimected to the blade disc by a special expansion 
ring, the dumb-bell construction of which allows expansion and 
contraction without distortion. The blades are shrouded by a 
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further strengthening ring. The fine clearances between each ring 
are between the strengthening rings of any one blade ring, and 
thin nickel strips caulked into strengthening rings of the next smaller 
blade ring. Any accidental contact will therefore only cause slight 
wear to the nickel strip. Labyrinth steam packings are provided 
to prevent leakage along the shafts and also between the rotating 
blade discs and the stationary steam. The general constructional 
features will be noted from Pigs. 311 to 314. 

The turbine has no high-pressure casing. The complete blade 



Fig. ^11. Section of Single Blade Ring. (Brush Electrical Eng. Co. Ltd.) 

1— Blade disc. 6— Rolling edges. 9— Strengthening rings. 

2 — Seating ring. 6 — Rolling edges. 10 — Dovetail profile. 

3 — Caulking strip. 7 — Nickel packing strips, 11 — Blade. 

4 — Expansion ring. 8 — Caulking strips. 

system is housed in an unlagged low-pressure casing which is only 
exposed to the temperature of the exhaust steam. The steam 
enters the turbine through the emergency stop valve and the 
governor controlled throttle valve and then flows through internal 
pipes to the forged steam chests which are situated one on each side 
of the blade system. Each steam chest has concentric annular 
compartments which communicate through holes in the labyrinth 
packed balancing discs and in the turbine discs themselves at differ- 
ent stages of the blading. The main steam supply at the most 
economical load passes from the inner compartments of each chest 
to the inside of the first ring through holes in the hubs of the discs. 

The next two connections, one from each chest, are used for 
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admission of additional steam from the middle compartments to 
lower pressure stages of the turbine to enable maximum continuous 
load to be carried. Others are used for bleeding steam to the high- 
and low-pressure heaters. The outstanding features of the design 



Fig. 312. Blade System ready for Assembly. (Brush Rlectrioal Eng. 

Co. Ltd.) 

is that; there are no stationary blades, this being made possible by 
the use of radial steam flow instead of the usual axial arrangement and 
the relative speed of the blades is twice that of the running 
speed and more efficient conditions of steam flow are possible. 
The blade system fixed to one wheel rotates between the blade system 
of the other wheel, the two systems rotating in opposite directions. 
Thus there are no stationary guide blades and the relative speed 
between the blades is twice that of a system working with stationary 
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blades. The quality factor is four times greater than if only one 
wheel had been rotating. It gives a value equal to, if not higher 
than, that for multi-cylinder axial flow turbines. Blade length is 
adapted to the volume of steam. Where the volume of steam in the 
final stage becomes very great, as in large units, each turbine wheel 
is further provided with one or two rows of radial blades for the last 
expansion step. These blades work together with the stationary 
blades fixed to the turbine casing. This design gives an exhaust 
area equal to that of an axial flow turbine with double outlet. 
















Fig. 313. 37,600 kW., 1,600 r.p.m., Turbo -Alternator, Brighton “A” 

Power Station. (Brush Electrical Eng. Co. Ltd.) 


Neither of the two rotating systems have bearings of their own, 
each being firmly bolted to extensions of the alternator shafts. The 
thrusts which are fitted- at the extreme ends of the alternator shafts, 
serve to preserve the turbine rotating elements in their correct axial 
positions. The chief advantages claimed for this design of machine 
are : — 

(1) Small and simple foundations. 

(2) Light weight of construction allows the material to follow quickly 
any changes in temperature. 

(3) Can bo started up rapidly. 

(4) Radiation losses are low since the casing is only subject to exhaust 
temperature, lagging being unnecessary except for the high-pressure steam 
chests and control valves. 
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Possibly the largest machine of tliis type at fhe ])respnt time is 
<55 MW, 1,500 r.p.in. operating at 200-280 p.8.i. at 660-750° P. 
There are two such machines in the Vasteras Station in Central 
Sweden. At the final acceptance tests a thermo-dynamic efficiency 
of 90’3 per cent, was obtained. 
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Turbo-Alternator Operation 

Starting Up 

The layout and types of turbo-alternators are so varied that 
only the fundamental operational features will be considered. It is 
assumed that the steam ranges are charged and ready to afford 
supply to the turbine. The order in which some of the non-essential 
or minor auxiliary plant may be put into operation can usually be 
varied to some extent without in any way affecting the turbo- 
alternator. In power station operation safety to personnel is of 
primary importance, and when starting a machine it is always 
essential to ascertain that all maintenance and operation men are 
clear. Experience has shown that danger is less when a machine is 
about to be run up and put on load than when it is on the turning 
gear and left in readiness for subsequent starting. 

Shaft turning, rolling or barring gear is now generally fitted to 
all turbo-alternators of 15 MW and above, so that it is necessary to 
start this auxiliary before proceeding with running up of the set. 
The steam auxiliary pump can be started or, alternatively, the low^- 
pressure electrically-driven flushing pump will serve to provide an 
adequate supply of oil to each bearing and the rolling gear. The 
high-pressure or jacking oil pump can then be started, and the 
bearings checked to ensure that there is a supply of high-pressure 
oil to each. The rolling gear can be engaged, but care is required 
not to attempt to mesh the gears with the driving motor or turbine 
running. The maker’s instructions should always be followed. It 
is necessary to see that the thrust adjusting gear is in the “ off ” 
position. When the shafts are rotating, the high-pressure oil pump 
can be shut down. 

Adequate drainage from all steam paths is essential, and the 
removal of all water from cylinders and pipes must be ensured 
before the turbine is started. Therefore, the first major o})eration 
is to open all drains from the steam receiver to the turbine steam 
chest and its associated pipework. Fig. 315 shows a typical steam 
pipe arrangement for large turbines. The steam chest and cylinder 
interconnecting pipe drains can be opened to atmosphere, and all 
turbine and feedheater steam pipe drains to the condenser. After 
clearing the chest, "^jylinders and interconnecting pipes of water, the 
atmospheric drains should be closed, and the drain connections 
opened to the condenser. In some plants an isolating valve is 
included in the main steam pipe and located near the steam chest, 
whilst others provide an isolating valve on the main steam receiver 
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only. In all makes of large turbines some form of oil-operated stop 
and emergency steam or runaway stop valve is provided. In the 
Parsons machine it is necessary to screw down the hand-controlling 
gear of this emergency valve in order to close the actuating piston 
drain ports. The emergency trip is then set by depressing the plunger 



mounted on the steam end keep. This allows the relay oil pressure 
to build up under the pistons of the stop apd emergency valve and 
also the governor steam valves. The latter valves should lift to 
their full extent. The stop and emergency valve can then be fully 
opened by operating the hand emergency tripping lever located in 
the steam end door of the turbine. The valves should be checked 
to ensure that they have closed correctly. Note that the trips are 
reset. 
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The (?irculating water can now be passed through the condenser 
by opening the main inlet and outlet valves and, at the same time, 
opening any air cocks fitted to the water boxes of the condenser. 
Where unit circulating water pumps are installed, or another pump 
lias to be started, it may be necessary to prime the pump. If the 
pump is working on a syphonic system, the pipe line will require 
clearing of air by the ejector provided. From the condenser gauge- 
glass it should be noted that adequate condensate is available, 
when the suction valve of one of the extraction pumps can be opened 
and the motor started. The discharge valve of this pump can be 
opened, and also the condensate re-circulating valve, and the 
automatic feed control valve if one is fitted to tlie condenser. 

After the distribution box and i)iping has been drained, tlie 
turbine glands can now be packed with steam. The steam supply 
to glands should be gradually increased as the vacuum improves, 
so that some steam is always leaking outwards. 

The steam supply to the main and booster ejectors can be given. 
Booster or quick-start ejectors are capable of raising vacuum to the 
turbine starting value in about three to five minutes. Coupled 
with the use of turning gear, this ensures that turbine shaft distortion 
is unlikely to occur during the starting period. Whilst vacuum is 
being raised, all steam pipe, chest and turbine casing drain valves 
should be checked and left fully open. During the running up period 
some 3 to 4 tons of water may be formed by condensation. When 
the vacuum has been raised to 20 in. Hg. the booster ejector can bo 
shut down by first closing the air suction valve and then the steam 
supply valve. If a three-stage ejector is provided, steam is applied 
to the third stage, and when the condenser vacuum reaches 15 in. Hg. 
steam can then be admitted to the second stage, and, at 20 in. Hg., 
to the first stage of the ejector. 

The by-pass valve on the main stop valve (if one is fitted) can 
be cracked open, and when the line is warmed through to the stop 
and emergency valve, the by-pass valve can be fully opened. Con- 
densate, by way of the recirculating pipe, should always be passing 
through the air ejector, otherwise the inter-cooling condensers will 
heat up and may be damaged. Next crack open the stop and emer- 
gency valve, and allow sufficient steam to flow to the turbine for 
warming up purposes. The steam admitted should not permit the 
turbine to overtake the turning gear speed. If the turning gear has 
not disengaged when a vacuum of 20 in, Hg. has been reached, the 
stop and emergency valve can be slowly opened until the gear 
disengages. The set can then be allowed to turn slowly for about 
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a quarter of an hour. The set can be run at about 250 r.p.m. for 
fifteen to thirty minutes according to the size of the machine. 
Some water can be passed through the alternator oil cooler, the air 
cocks being opened to free the cooler of air. Should the starting 
of the set be delayed beyond the normal time, precautions should 
be taken to drain the main steam pipe and steam chest before 
attempting another start. 

If separate ventilating fans are installed, one fan can be started 
before the set is run up to speed. By starting up a fan late and 
shutting it down early it is contended that this procedure avoids 
subjecting the stator and, in particular, the rotor windings to wide 
temperature limits. It should be noted that the exciter field switch, 
usually mounted on the machine panel in the control room, is open, 
and that the exciter field rheostat is in the all-in ’’ position before 
running the set to full speed. If these items are forgotten and the 
set is run up without cooling air, it is possible for overheating to 
take place. The fan dampers should, of course, be opened. 

The governor regulator should be screwed back to the limit of 
the lower ’’ position. Check that the extraction pump discharge 
line is open. The speed can be gradually increased in easy stages of 
about 40 r.p.m. by slowly opening the stop and emergency valve, 
taking from, say, a quarter to half an hour or more if desirable. 
The governor will usually take control at about 5 per cent, below 
full speed, and when this stage is reached, the stop and emergency 
valve can be fully opened. The set can now be brought up to full 
speed by rotating the gov^ernor sleeve regulator in the “ Raise ’’ 
direction. Should an isolating valve (main stop valve) be provided, 
it is advisable as a safety measure to keep this only about one-quarter 
open, so that it can be closed quickly in the event of any untoward 
happening during starting. Note that when the main mechanical 
oil pump commences to deliver oil, the steam turbine-driven auxiliary 
oil pump automatically cuts out by means of its regulator. As a 
guide, a set may be kept rotating slowly for a quarter of an hour 
at a speed of from 200 to 300 r.p.m., so that the steam rotors are 
uniformly heated. After this, the speed can be increased by incre- 
ments of up to 10 per cent, of the normal speed, but care is required 
if one of these speeds should correspond with the critical speed of 
the set. It is advisable to pass through such a period rather more 
quickly. If excessive vibration occurs, probably due to unequal 
heating, the speed should be reduced until the vibration disappears. 
In some cases it may be necessary to shut the set down and start 
afresh. The steam chest and interconnecting pipe drains to the 
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condenser can be closed, and opened to their respective steam traps. 
The isolating valve can be opened and its by-pass valve closed. 

Bearing oil temperatures should be watched during this period 
and on approaching normal working temperature. Some cooling 
water can be passed through the oil coolers, and after the oil has 
warmed up to 120° F., or thereabouts, the inlet and outlet water 
valves can be fully opened. Keeping the water shut oS the coolers 
ensures that the oil reaches working temperature more quickly and 
reduces the risk of vibration due to shaft “ climbing.’’ At this 
stage, a general check over the set and its auxiliaries is recom- 
mended to ensure that the vacuum is being maintained, oil supply 
to all bearings, gland steam supply adjusted, and that the set and 
all its auxiliaries are functioning satisfactorily. The driver can 
then signal instructions to the control engineer that the set is ready 
for synchronising. 

The set should not be run for long periods without load. As 
the electrical load is put on the set the condensate recirculating 
valve can be closed, and also the H.P. cylinder drain. If two fans 
are included, the second one can now be run. 

A set may be started up and put into commission with or without 
the feed-heating plant. The heater air relief and drain valves must 
be opened before steam is admitted. The low-pressure heaters are 
put into operation first. Some attention is necessary in the operation 
of the thrust adjusting gear which is required to take care of the 
unequal expansion of the turbine cylinder and shaft during warming 
up. If this adjusting gear were not provided, the turbine blade 
shrouding would bear heavily on the contacts and be unduly worn. 
This would result in increased blade clearance during normal 
running, and therefore increase the steam consumption. The 
turbine must be off contacts before either stopping it, and also 
before putting it on the rolling gear. The makers' instructions 
should always be followed. If the machine has been shut down for 
a few hours, the thrust* gear may be adjusted to about the halfway 
mark whilst running up to speed, and gradually pulled right up as 
soon as the machine is carrying about half-load, or has been running 
for a sufiScient period of time to have become thoroughly warmed. 
The time taken primarily depends on the shut-down period and the 
rapidity with which load is applied, but, in general, half an hour is 
ample after an overnight shut-down. When running on light load 
for some time after starting, the thrust gear must not be pulled 
hard up. Should the load be reduced to a low figure, or the steam 
temperature varies from normal for some considerable time, the 
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thrust gear must be eased off a little. As a guide, if a set is cold at 
starting, the thrust may be pulled up halfway after three-quarters 
of an hour, and three-quarters after three hours. It should not be 
pulled right up until the turbine is thoroughly warmed through. 
The expansion indicator will show the position and serve as a check. 

It is advisable to inspect the air cooler chamber to ensure that 
there are no leaking tubes. If the cooler surface is covered with 
moisture and the tubes are sound, this will be due to leakage of air 
which is cooled below its dewpoint. The cooler surface can be dried 
by shutting off the water supply and opening the emergency inlet 
and outlet doors in the alternator foundation block. The air circuit 
alarm device can be tested by turning the adjustable pointer until 
it touches the indicating pointer, when the alarm and signal lamp 
will operate. Then reset to its original position,, which is usually 
about 120° F. 

Synchronising. The control room engineer will be aware of the 
switching operations required. The main circuit-breaker and 
voltage transformer will be racked into position, and the neutral 
earthing circuit-breaker closed (if one is provided). The exciter 
field switch, which may be in either the pilot or main exciter circuit, 
can be closed after noting that the exciter field rheostat is in the 
“ all-in ’’ position. Gradually cut out the field rheostat, thereby 
allowing adequate time for the main a.c. voltage to build up. The 
speed of the set can be adjusted as desired by operating the remote- 
controlled governor motor until its frequency corresponds to that 
of the sets already on the bus-bars. The plug for “ On-Load " can 
be placed in receptacle of a set or feeder on load, and the “ Incoming 
Machine ” plug into the receptacle of the set about to be put on the 
bus-bars. Switch on the S 3 mchroscope and the lamps will be seen 
to go in and out in phase with the 'scope. They may be arranged 
to be bright or black when the 'scope pointer is vertical (see 
Chapter XIV, Vol. 2). Withdraw Incoming Machine ” plug and 
insert it in another panel of a set already on the bus-bars. The 
'scope pointer should then be at the top, and all the lamps black or 
bright, as the case may be. Should the synchroscope equipment 
fail and it is necessary to get a set into commission, then it would 
be possible to do so by plugging two lamps across the two synchro- 
scope plugs and using them for this purpose. The '' Incoming 
Machine " plug should be replaced on the incoming set control 
panel, and the speed of this set can be adjusted by means of the 
governor gear until the 'scope pointer is moving very slowly in 
either direction marked “ Fast ” or “ Slow". An alternator can be 
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synchronised satisfactorily with the ’scope moving in either the 

Blow ” or Fast ” directions. The advantage of synchronising 
with the incoming set “ Fast ” is that it will automatically pick up 
a small load. The incoming set should be switched on the bus-bars 
just before it reaches instantaneous synchronising and while it is 
ahead of the running sets. It then drops smoothly into phase as it 
picks up load. The advantage of bringing the incoming set in 
*‘Slow” is that it will trail-in, which is useful when the steam pres- 
sure is low. Synchronisation is attained when the pointer remains 
stationary at the twelve o’clock position. When the pointer is 
vertical and remains stationary with the lamps black (or bright) 
the main circitit-breaker control switch can be operated, thereby 
closing the circuit-breaker. The red indicating lamp will light and 
the green lamp will be switclied off. Immediately after synchronising 
the ’scope should be switched off. 

Electrical load can be gradually applied to the set by speeding 
it up, i.e., opening the governor valve by means of the remote 
governor motor control. The rate at which load is applied has 
already been mentioned earlier in this chapter, but a general rule 
is about 1*5 MW per minute. 

Before proceeding with synchnaiising, it is often well worth 
while noting that the closing and tripping circuits are in order. 
The voltage regulator can now be put into commission, and the 
instructions vary according to the type of regulator used. 

Normal Running, The bearing temperatures should be noted 
and should not normally exceed 150° F. Oil pressure should be 
maintained at between 12 and 15 p.s.i. Turbines running for long 
periods should have their governor emergency and stop valve 
spindles eased a few turns to prevent stickiness. The alternator 
outlet air temperature should be noted, and will generally be about 
120*^ F. maximum. Vacuum and corresponding circulating water 
temperatures should be noted, and a Dionic recorder will show any 
tube leakage resulting in impurities mixing with the condensate. 
The oil tank drain should be opened and the amount of water 
taken off noted. 

Shutting Down, The voltage regulator can be taken out of 
circuit (or left until the load is removed), at the same time noting 
the power factor meter and the exciter field ammeter. The load 
can be taken off by operating the governor control switch in the 
“ Lower ” position, at the same time keeping the power factor 
adjusted. Before the load is completely removed, the thrust 
adjusting gear must be returned to the “ Off position. No load 
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on the Bet will be reached when the integrating wattmeter ceases 
to rotate, and the main circuit-breaker control switch can be turned 
to the “ Off position, thus tripping the breaker. The green lamp 
will then be illuminated. To check the electrical protective gear 
circuits, the relay can be hand-operated, and this is normally 
arranged to open the main circuit-breaker and the field suppression- 
breaker simultaneously (see Chapter XVIII, Vol. 2). In some 
plants the main circuit-breaker opens first, and then the field 
breaker, whilst in others they both open together, but the field- 
breaker may lag slightly. The former arrangement ensures that the 
alternator does not operate momentarily as an induction machine 
above synchronous speed due to loss of field. Under this condition, 
a large wattless current may be taken from the system, and if small 
sets are left on the system they may well be overloaded. After 
the main circuit-breaker has been opened, the stop and emergency 
valve can be tripped by means of the emergency hand lever mounted 
near the steam end of the turbine. The handwheel of this valve 
should be screwed down to the fully-closed position. The Condensate 
recirculating valve can now be opened, and the steam auxiliary oil 
pump (electrical in some plants) should automatically come into 
operation at the correct oil pressure as the speed of the set falls. 
The set auxiliaries can be shut down in the following sequence : 
Steam to main ejector, extraction pump, alternator ftins and circu- 
lating water pump. After shutting off the steam, tlie vacuum 
should be maintained and the gland sealing steam reduced in order 
to dry out the turbine, llie gland steam is shut off after the con- 
denser vacuum is broken, otherwise cold air would be drawn into 
the turbine, causing rapid cooling of the shaft, condensation, and 
unequal cooling of the steam rotors. Some engineers appear to 
prefer keeping the air ejectors operating for some time (generally 
about fifteen minutes) after the sot has been stopped (the j>eriod 
depending on the capacity of the ejectors and the volume of the 
turbine and condenser steam space) in order to dry out the turbine 
and prevent rusting. An air cock may be provided on the steam 
chest for admitting a current of air to pass through the turbine 
during the drying out process. An alternative is to open the stop 
and throttle valves and draw air through the turbine via the steam 
pipe drain. The drains on the turbine can be opened either to the 
condenser — ^usually via a flash pot — or to atmosphere. The turbine 
main stop valve(s) can be closed, also the bled steam inlet valves 
to the feed -heaters, and the condensate discharge line to the boiler 
feed pump suction range. When the machine has come to rest, the 
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rolling gear can be engaged and the flushing and jacking oil pumps 
started. The water inlet and outlet valves to the oil and air coolers 
can be closed or regulated to suit conditions obtaining. Turbines 
not fitted with turning gear may be run for a period with no kW. 
load and maximum kVA. load if conditions permit of this being 
done in order to cool the turbine rotors gradually and reduce the 
possibility of vibration. 

As load is taken off the alternator, so the water to the air coolers 
can be reduced, and where system conditions permit the machine 
can be loaded with kVA. as the kW. load is reduced again with the 
object of maintaining a uniform temperature. If this procedure is 
not followed premature electrical breakdown of the rotor due to 
distortion of the windings or to severe vibration caused by displace- 
ment of the rotor conductors may result. 

On turbo-alternators not fitted with turning gear it is important 
to keep the auxiliary oil pump running for several hours after 
shutting down in order to prevent unduly high bearing temperatures. 
The emergency shaft governor can be tested as operating conditions 
permit, but it should be tested at least once a month. This can be 
done after the main circuit-breaker and field-breaker are opened by 
speeding up the set until it overspeeds by about 10 per cent., when 
the emergency trip should operate and close the stop and emergency 
valve. Should it fail to operate, the stop and emergency valve 
should be tripped by the hand device. The main stop valve should 
be only partly opened when carrying out this test, so that it can be 
closed immediately in case of an emergency. In the event of any 
possible overspeeding, the turbine can be put to atmosphere by 
opening the booster ejector isolating valve. It is advisable to 
operate the atmospheric exhaust valve periodically, or at least 
ensure that it works satisfactorily. These notes concerning turbo- 
alternator operation are only typical, but serve as a guide to general 
procedure. 

General Operating Conditions 

Throughout the development of turbo-alternators many troubles 
have been experienced, and even with the most modem plant certain 
operating difficulties present themselves and will always remain a 
probability unless extreme precautions are taken to mitigate against 
their happening. A few of these are as follows, and should always 
be in the minds of operating staffs : — 

Failure of Circvlatiug Water Pump, A surge on the electrical 
system, or some other trouble causing the tripping of the pump- 
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driving motors, will result in loss of cooling water supply to the 
condenser* The vacuum will drop, or, in other words, the pressure 
in the condenser steam space side will rise. Unless the cooling water 
supply can be immediately restored to the condenser, the back 
pressure will rise and at a pressure of about 17 p.s.i. the atmospheric 
valve should open. The low-pressure end of the turbine, and also 
the condenser, will soon warm up to a dangerous condition. Care 
should be taken not to apply (urculating water until the plant has 
cooled down, otherwise sudden temperature change will result in 
cracking of the low-pressure castings, and possibly the condenser 
shell. In one plant the pump failed, which resulted in rapid drop 
in vacuum and, unfortunately, the atmospheric valve failed to 
operate, and the condenser shell fractured, due to over-pressure. 
A steam unloading device (see (Chapter X, Vol. 2) is now quite often 
provided and comes into operation when the condenser vacuum 
falls below a predetermined value. 

Failure, of FJxtracHon Pump. The condensate level in the steam 
Hf)a(^e side of the condenser will rise to such an extent that it may 
flood the air suction pipes to the air ejectors, thus causing the 
vacuum to fall. A warning device can be fitted on the pump dis- 
charge line, so that in the event of loss of pressure an alarm is 
(operated. A primed standby ]>ump is usually installed, and this 
should be started up at once. Tlie time required to flood a condenser 
would depend on the turbine steam loading. 

Failure of Main Air Ejector. This is probably one of the most 
reliable of power plant- auxiliaries, but drop in steam pressure, 
choking of nozzles or strainers and a sticking non-return valve are 
liable to cause faulty operation. The standby ejector should be 
immediately brought into service. 

Opening of Main Circuit- Breaker. This will throw the entire 
load off the machine and will result in a rapid rise in speed, and may 
well cause the overspeed trip to operate and shut off the steam 
completely. The governor is generallj^ assumed to be capable of 
holding the speed withm 4 per cent, of the steady speed when 
throwing on or off the maximum continuous load, and to within 
2| per cent, in the case of economical load.^ The field suppression- 
breaker will also open if the main breaker has opened, due to pro- 
tective relay operation. There is little that can be done under these 
conditions, except to see that the set does not overspeed to a dan- 
gerous limit should the governor not hold it under emergency 
tripping speed. 

Failure of Steam Supply. If the set is tripped on the steam 
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side, then the machine will continue to run as a synchronous motor. 
Should there be a possibility of restoration of steam supply 
immediately and gradually, the set can usually be brought back into 
commission without undue disturbance. Whenever a set is brought 
to rest it is necessary to ensure that the oil supply to the bearings is 
satisfactory. Reference should be made to Chapter XVIT.I, Vol. 2, 
for further information concerning protective equipment. 

Plant Overhaul. Opinions appear to vary as to the frequency of 
overhaul of a sound-running unit, but fiom 12,000 to 15,000 running 
hours has been adopted in some power stations. Efficient cylinder 
drainage has an important bearing upon the life of blading. Some 
80,000 tons of steam will condense into water inside the low-pressure 
cylinder of a 30 MW machine in ]2.(»00 hours. Such a quantity of 
water, together with blade-tip s])eeds of 1 ,000 ft. per second may well 
result in severe blade erosion if inter-stage drainage is not efficient. 
How efficient it can be will be appreciated from the fact that it now 
requires a careful comparison of plaster casts of the blading to detettt 
the effects of erosion after two-year periods of .service and that 
final-stage blading is still fit foi’ service after some 93,000 running 
hours. 




